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EQUILIBRIUM CONDITIONS IN THE SYSTEMS Co-O AND Co-O-H 


V.F. Balakirev and Corresponding Member Acad, Sci. USSR, 
G.I. Chufarov 


Institute of Metallurgy, Ural Branch of the Academy of Sciences USSR 
Translated from Doklady Akademii Nauk SSSR, Vol. 138, No, 1, pp. 112-114, May-June, 1961 
Original article submitted January 25, 1961 


The existence of two oxides of cobalt, CoO and CoyO,, has been reliably established; of these, the first has a 
crystal lattice of the NaCl type, while the second has a spinel-type lattice [1]. X-ray structural investigations which 


we carried out on samples of Co,03 from the "Red Chemist” plant showed that this material has a spinel-type lattice 
with parameters close to those of Co,04. 


However, we found it very difficult to determine the value of the parameters with sufficient accuracy, since the 
lines on the x-ray photographs were diffuse. We may remark that it has been reported that anhydrous Co,Og is not 


subject to isolation as an individual chemical compound [2], and CoO and CoO, are capable of forming solid solu- 
tions with oxygen [3]. 


In the various papers [4-11] reporting dissociation pressures of cobalt oxides and equilibria in the system 
Co-O-H, the data cited differ considerably, and thus it becomes necessary to carry out new investigations, These 
questions are of considerable interest with regard to the production of cobalt and its compounds and particularly with 


regard to the technology of the direct production of high-quality metallic cobalt from its oxides by reduction of the 
oxides with hydrogen, 


Cobalto-cobaltic oxide, Cobalto-cobaltic oxide was prepared by calcination of analytical grade "cobaltic 
oxide” at 800°C for 70 hours in an atmosphere of air, X-ray structural investigations carried out on this preparation 
showed that it was single phase and had a spinel structure with parameters which agreed with the published values [1]. 
The oxygen content proved to be close to that stoichiometrically required by the formula Co,;04. The equilibrium 
oxygen pressures were determined in a vacuum apparatus [12], The temperature measurements were carried out 


directly over the sample under investigation, and the variation did not exceed +1°, Pressure measurements in the 
range 105-10 mm Hg were made with McLeod gauge. 


TABLE 1, Equilibrium Pressure in the System Co,0,4 = 
= +140, 


Po,»mm 55,3210% 0,127.3 25.0 153.5 


The equilibrium CogO4 ==3C00 + yf, was studied both from the CoO, dissociation side and the CoO oxidation 


side, Average values for the equilibrium oxygen pressure are presented in Table 1, These pressures are described by 
the equation: 


16522 


log Po, = — 7 + 13,4, 


where Po, is in atmospheres, The change in the Gibbs standard free energy is given by: 


AZ} = 37794 — 30,652 T cal. 


As a consequence of the high dissociation pressure of Co3O4, the equilibrium hydrogen pressure is low in the 
reaction 
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so that direct investigation of the equilibrium is difficult. However, from equilibrium conditions ‘in the intercon- 
nected processes: 


Co304 3CoO +- 1/5 
and the dissociation of water vapor 
He + 1/2 O2, 
for which [13] 


log Ku,o = — —— + 3,05 


an expression for the temperature dependence of the equilibrium constant was found 


P 
log K’ =log = 4+- 3,65 


as well as one for the Gibbs standard free energy change 
AZ} = — 22413 — 16,699 7 cal. 


The exothermic nature of the reaction, AHyo8.4 =—19412 cal, causes a decrease in the equilibrium constant with an 
increase in temperature, 


Cobaltous oxide. The methods used in investigations of the equilibrium of the reaction [6-9] 


CoO + Hz = Co + H,O 


had serious defects. In particular, in the work reported in reference [9], thermal diffusion was not taken into consider - 
ation, and no analysis of the equilibrium gas mixture was carried out, 


Analytical grade cobaltous oxide was used in our investigation. X-ray structural analysis established that the 
material was single phase and had lattice parameters corresponding to the published values [1]. The study was car- 
ried out in the same vacuum apparatus, In order to eliminate the effect of thermal diffusion, the gas mixture was 
continuously circulated with a diffusion pump. Equilibrium was established at a constant water vapor pressure of 
4.579 mm, which was maintained by submerging a trap containing water in a Dewar flask containing melting ice. 
When equilibrium had been established, the sample was removed from the furnace and quenched, and the gas-vapor 
mixture was resolved by freezing out the water vapor in a trap submerged in liquid nitrogen. The equilibrium gas was 
analyzed for impurities by reacting all of it with the cobaltous oxide, which was reintroduced into the furnace for 
this purpose, The H,O was frozen out, and the difference between the residual pressure and the first pressure was 
taken as the equilibrium pressure, This pressure was corrected by means of a curve to the actual hydrogen pressure 


at equilibrium when the trap had a temperature of 0°, The equilibrium was studied both from the reduction side and 
the oxidation side, 


The experimental data, which are presented in Table 2, are described by the equation: 


logk” = + 0,52, 


From these data, it follows that the equilibrium constant decreases with an increase in temperature. This is due to 
the exothermic nature of the process, AHjgg.1 = —631 cal [9]. 


The change in the Gibbs free energy is given by the equation: 
AZ} = — 4457 — 2,381 T cal. 
Calculation of the dissociation pressure of cobaltous oxide is based on the relationship 


Po, = (Ku,o K")? atm., 


whence 
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TABLE 2, Equilibrium Constants for the Process CoO + Hy Co + H,O 


4.579 
K” = Conditions K", average 


59.77 From red, side 


0.0805 56.88 From oxid. side 16.32 


0.0975 46.96 From red, side 


0 
0.0990 46.25 From oxid. side ia 


0.1303 35.14 From red, side 
0.1306 35.06 From oxid, side 


0.1801 25.43 From red, side 
0.1742 26.29 From oxid. side 


35.10 


25.86 


0.2155 21.25 From red, side 


.07 
0.2192 20.89 From oxid, side 


log Po, = — 23% +.7,14, 


and the Gibbs standard free energy change is given by 


AZ} = 55 754 — 16,333 T cal. 
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BROMINATION OF ALKYL THIENYL KETONES 


Yu. B. Vol’'kenshtein and Ya. L. Gol'dfarb 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences USSR 
(Presented by Academician A, A, Balandin, December 9, 1960) 
Translated from Doklady Akademii Nauk SSSR, Vol, 138, No. 1, pp. 115-118, May-June, 1961 
Original article submitted December 8, 1960 


In 1959, we showed [1] that when bromine reacts with 2-acetothienone in the presence of 2.5 moles of 
anhydrous aluminum chloride in a solventless system, the bromine does not enter the side chain, which it usually 
does during bromination of this and other similar aromatic ketones [2, 3]; instead, it enters the 4-position of the 
thiophene ring. The role of the excess aluminum chloride is probably to block the acy! group through the formation 
of a complex with the ketone, In this connection, it seemed of interest to investigate the bromination under similar 
conditions of higher ketones of the thiophene series in which the alkyl groups are normal and branched, since in 
similar cases complexes are either not formed or are unstable due to steric or other factors. 


Except for the work of Pearson and Pope [4], who were able to introduce halogen into the aromatic ring of 
acetophenone and certain other aromatic ketones and aldehydes by direct halogenation, the literature contains no 
indication that it is possible to substitute a halogen for a ring hydrogen in simple aromatic ketones containing groups 
with less activating power than NH, or OH, Buu-Hoi and co-workers [5, 6] accomplished ring bromination of o- and 
p-hydroxyacetophenone and their homologs using a medium of aqueous acetic acid. If the aqueous acid is replaced 
by anhydrous acetic acid, substitution of bromine for hydrogen takes place in the side chain of these ketones, 


It was shown in the present work that homologs of 2-acetothienone — 2-propiothienone, 2-n-butyrothienone, 
2-isobutyrothienone, and 2-isovalerothienone — like 2-acetothienone itself, brominate only in the ring in the 
presence of 2.5 moles of aluminum chloride and in the absence of a solvent; 4~bromo-2-acylthiophenes (I) are 
formed, No corresponding 5-bromoketone was separated from the reaction products, 


Br 


(1) (11) 
a) R=CGHs a) R = CH BrCH, 
b) R=n-CsH; b) b) R—=CHBrCH,CH, 
c) R= iso-C3H7 c) R = iso-C;H, c) R = CBr 
d) R= iso-CyHo d) R = iso-CyHo d) R = CHBrCH,CH(CHs)s 


The conclusion that bromine was not present in the side chain of I was based on the fact that the compounds 
did not form a precipitate nor was there any turbidity in the presence of an alcoholic solution of silver nitrate, The 
presence of bromine in the 4-position of the ring was confirmed in the case of Ia by oxidation to 4-bromo-2-thio- 
phenecarboxylic acid, The 4-position of the bromine was demonstrated for the remaining bromoketones (it was 
impossible to oxidize them with satisfactory yields) by the fact that the constants of the ketones and of their 2,4-di- 
nitrophenylhydrazones did not agree with those 5-bromo-2-acylthiophenes (II), synthesized by acylation of 2-bromo- 
thiophene, and their 2,4-dinitrophenyl hydrazones, 


It is well known that 2-acetothienone brominates in the side chain in the presence of catalysts [2]. By analogy, 
it would be expected that other ketones of the thiophene series differing from 2-acetothienone by having a longer 
normal or branched chain would interact with bromine in a similar manner in the presence of catalytic amounts of 
aluminum chloride, However, a consideration of the literature data relating to higher aromatic ketones [6] shows that 
hydroxy derivatives (4-hydroxystearophenone, respropiophenone, 2- and 4-acetyl-1-naphthols) brominate only in the 
ring, even in the absence of a catalyst of the type of AIC], which, as is well known, is a catalyst for bromination in 
the ring {7}. In the light of these considerations, it becomes apparent that it has previously been impossible to 
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resolve the question of the direction of the bromination of higher ketones of the thiophene series, since the activity 
of thiophene in electrophilic substitution reactions, for example, acylation [8], is close to that of certain activated 
derivatives of benzene, for example, anisole, In order to resolve the question, the well-known method for the pre- 
paration of phenancyl bromide [9] in the presence of catalytic amounts of aluminum chloride in dry ether was used 
to brominate the four ketones of the thiophene series mentioned above, The results showed that these ketones, like 
2-acetothienone, brominate in the side chain to form 2-a-bromoacylthiophenes (III), which were oxidized through 

the thienylacylpyridinium bromides to 2-thiophenecarboxylic acid. 


EXPERIMENTAL 


Bromination of thieny] ketones in the ring in the presence of excess aluminum chloride. To 16.6 g (0.125 
mole) of AlCl, was added dropwise 0,05 mole of the ketone; the addition was carried out with stirring over a period 
of 5 minutes, To the resulting liquid complex at 30-40° was added dropwise, over a period of 10 minutes 2,8 ml 
(0,055 mole) of bromine, The mixture was stirred for 2 hours and then treated in the manner previously described 
{1}. The ether was distilled, and the residue was distilled twice under vacuum. The results of the bromination and 
the properties of the resulting 4-bromoketones are presented in Table 1. 


TABLE 1, Bromination of Thienyl Ketones in the Ring 


| 


Calcu- 2,4-Dinitropheny! - 
lated, % | Found. % hydrazone 
¢ H | m.p.,°C calc.,| found, 
ta | 46,1 | 130—132°/9% | — | 38,37)3,22| 38-47) 3618 | 993 14,041 17°59 


tb | 47,1 | 44,21 13,80] 44°91] 4,14 | | 13,55 | 13°34 


41°70) 4.25 13,54 
4 

le | 61,2 | 127—1299/8 15754] 41,24 13,89] 3.93 | 299.5203 | 13,55] 
© 9 

td | 43,2 | |1, 5649] 43,72 [4,46] 4048 | | 13,14 


*M.p. 41-41.5° (from hexane). 
**Semicarbazone m.p. 188.5-189.5° (from alcohol). N, %: found 14,95, 14,81; 
calculated for CgHypBrNgOS, 15,16. 

***Some dibromide was also isolated; m.p. 60-61° (from hexane), Found, %: 
CG 30.90; 31.09; H 2.62; 2.69. Calculated for CgHgBr,OS, %: C 30.79; H 2.58. 


Oxidation of 4-bromo-2-propiothienone [10]. To a solution of sodium hypochlorite (prepared from 4.4 g of 
NaOH in 6 ml of water, 25 g of ice, and 3.2 g of chlorine) at 68° was added 2.2 g of bromoketone, The mixture 
was cooled to 25°, and 2 ml of a solution of sodium bisulfite was added. The neutral substances were extracted from 
the solution with ether, the water layer was made acid, and the oil which separated was extracted with ether, The 
extracts were dried with CaCk. The ether was distilled, and the residue, 4-bromo-2-thiophenecarboxylic acid, 
amounted to 1,83 g (87.8% yield). After three recrystallizations from water, the acid melted at 120,5-121° (the 
literature [11] gives an m.p. of 122-123.5°), and a mixture with a known sample of the acid prepared by oxidation of 
4-bromo-2-acetothienone [1] showed no depression of the melting point. 


Bromination of Thienyl Ketones in the Side Chain [9]. To a solution of 0.05 mole of the ketone and 0,06 g of 
AlCl, in 10-15 ml of absolute ether was added dropwise 2.55 ml (0.05 mole) of bromine. In the case of propiothienone, 
the color disappeared immediately with the addition of the bromine; decolorization in the case of solutions of the 
higher-molecular-weight ketones required longer stirring and, in the case of isovalerothienone, slight heating. After 
decolorization, the solution was stirred for 40-90 minutes, and the ether and HBr were distilled under a slight vacuum. 
The residue was twice distilled under vacuum, The halogen in the side chain was determined by refluxing the bromo- 


ketone with alcoholic alkali and subsequent Volhard titration, The bromination results and the properties of the 
resulting a-bromoketones are presented in Table 2, 


| 


TABLE 2. Bromination of Thieny] Ketones and Oxidation of the Products 


| Calculated, % Found, % 


Yield, 


'Bromination'| 
product 


140—142°/14 |1,6022 ‘ 36,48 
124—124,5°/4|1 34,28 


130—131°/10 |1,5830) 41,21 34,28 


129-—131°/4 |1,5797| 43,72 32,32 


* Lacrymator: 


TABLE 3. Acylation of 2-Bromothiophene 


| 


alculated,% Found,% |2,4-Dinitrophenylhydrazone 


acylation! 
product 


N |_N 

Cc H H |m.p.,°C | calc.,| found, 
%o %o 

147—150° 41,21] 3,89 | — | — |185,5—186,5] 13,55] 


64, 6|128,5—129,5° /811,5762] 41,21 | 3,89 165—168**] 13,55 


69,5] 149—150°/13 |1,56721 43,72 | 4,46 176—177 | 13,44 


*M.p. 36-37 (from alcohol), Literature data [14]: b.p. 155°/13 mm; m.p. 38-39", 
**Liquefies at about 128° 


Thiophene-2-carboxylic acid from bromoketones (III) [12]. The bromoketone, 0.5 g, and 3-5 ml of dry 
pyridine were heated on a boiling water bath for 30 minutes, The pyridine was completely distilled under vacuum. 
A solution of 1 g of NaOH in 40 ml of water and 15 ml of alcohol was added to the pyridinium salt, which was a 
brown glassy solid (very hygroscopic crystals in the case of thienylpropionylpyridinium bromide), The resulting 
solution was heated on a boiling water bath for 15 minutes, acidified, and extracted with ether. The acid was 
extracted from the extract first with a solution of sodium carbonate and then with water. The alkaline extract was 
made acid and again extracted with ether, The solvent was evaporated, and the resulting thiophene-2-carboxylic 
acid was weighed and recrystallized from water. The acid had a melting point of 128-129° (the literature [10] 
gives an m.p. of 129-130°), The yields of acid are presented in Table 2, 


5-Bromo-2-thienyl ketones were prepared by acylation of 0,05 mole of 2-bromothiophene with 0.055 mole of 
the chloride of the appropriate acid in dry benzene in the presence of 0.05 mole of SnCk [13], The results of the 
acylations and the properties of the resulting 5-bromoketones are presented in Table 3. 
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INVESTIGATION OF CONDITIONS OF FORMATION OF SODIUM ZEOLITES 
DURING LOW-TEMPERATURE HYDROTHERMAL SYNTHESIS® 


P. Zhdanov and N. N. Buntar’ 


Institute of Silicate Chemistry, Academy of Sciences USSR 
(Presented by Academician M, M, Dubinin, December 15, 1960) 

Translated from Doklady Akademii Nauk SSSR, Vol. 138, No. 1, pp. 119-122, May-June, 1961 
Original article submitted December 15, 1960 


At the present time, synthetic zeolites are more and more finding widespread use as molecular sieves for the 
separation of gaseous and liquid mixtures, Industrial Type A sieve is a synthetic sodium zeolite, while Type X is 
the calcium form in which a considerable part of the Na* ions, which compensate for the excess negative charge of 
the silicon— aluminum oxygen framework, is replaced by an equivalent amount of Ca** ions, In connection with the 
considerable practical value of synthetic zeolites, the investigation of conditions for their formation during hydro- 
thermal synthesis assumes particular interest, 


Conditions for the preparation of synthetic zeolites, which are known under the name of Linde molecular sieves 
A and X, had not been generally known until their recent publication [1-4]. Rather specific information on this has 
now been published in the recent paper of Barrer and co-workers [5]. This paper reports data on the low-temperature 
hydrothermal synthesis of crystalline aluminosilicates from basic silica-alumina gels having the composition 

mN * A 1,03 nSiO, in which the amount of excess base does not exceed 300% (Na,0/A1,05 4). 


Conditions for the formation of crystalline sodium aluminosilicates from highly basic silica-alumina gels in 
which the ratio NagO/A1,Og varies within the limits of four to six were investigated in the present work, The SiO, 
content of the gels was varied from n = 1 ton = 10, Investigation of crystalline aluminosilicates prepared from such 
highly basic gels is of interest not only because it supplements the previously obtained results [5] by including regions 
of higher NagO concentrations in the original gels, but particularly because the increased basicity is most favorable 
for crystallization of the synthetic sodium zeolite known under the name of Linde 13X sieve, the conditions for the 
preparation of which are not clear from the published data, 


The basic silica-alumina gels were prepared by mixing alkaline solutions of sodium silicate and aluminate. 
The starting materials were NaOH, amorphous SiO2, and NaAlO, or AKOH), of various degrees of purity. Mixing of 
the silicate and aluminate solutions was carried out with vigorous stirring, and up to the instant of formation of the 
gel, which frequently took place 30-40 seconds after mixing, the solution was completely homogeneous, 


Syntheses were carried out at temperatures ranging from 70-200°. A stainless steel autoclave was used for 
temperatures above 100°; the syntheses below 100° were carried out in glass flasks, In all, more than 170 products 
were prepared; these differed in synthesis conditions (composition of the original gels, temperature, and length of 
crystallization time), Phase analysis of the products was carried out by means of their x-ray photographs, which were 
taken with an ionization x-ray apparatus, Chemical analyses of typical crystalline products were also carried out.® * 
X-ray data published in references [5-8] were used to identify the aluminosilicates prepared. In addition, typical 
samples of the synthetic zeolites were investigated with regard to their adsorption capacity for water, methyl, ethyl, 
and butyl alcohols, nitrogen, and certain hydrocarbons, 


The diagram (Fig. 1) plotted from the results of the investigation of the properties of the aluminosilicates 
synthesized in this work shows the regions in which the zeolites are formed, Along the abscissa of this diagram is 
plotted not the simple molecular content of SiO, in the original gel (the value of n), but the ratio m/m-—1 = k, i.e., 
the ratio of the number of moles of SiO, in the gel to the number of excess moles of Na,O per mole of Al,O,. With 
this method of constructing the diagram, the regions of formation of the different phases are dilineated considerably 


*V. A. Kostrovs participated in the initial stage of the work, 
** The analyses were carried out in the laboratory of Professor Yu. B. Morachevskii. 
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better under our conditions than had the diagram been constructed using t 


Pe 3 and n as coordinates [5]. This is understandable, generally speaking, since 
, ven the conditions of formation of aluminosilicates during hydrothermal 
B B+A synthesis are determined not only by temperature and SiO, content of the 
gel or the ratio $i0,/A 1,03, but depend to a considerable extent on the 
‘ C content of the base. 

100\- & C+D GG Within the temperature region investigated (70-200°), at least five 
= I D Rh oe crystalline aluminosilicates were obtained from the highly basic silica- 
alumina gels (4S m 6); these aluminosilicates are initially denoted as 

50 , — A,B,C,D, andE, The last three of these are undoubtedly sodium zeolites, 

: K-—= . 7 From a comparison of interplanar distances calculated from x-ray data 
(Fig. 2) and also from the results of the investigation of their adsorption 
properties,* it can be concluded that products D and E are identical to 
— enn —— — synthetic sodium zeolites Types X and A, which are known under the names 
prone pres onesie Linde 13X and 4A, The diagram of Fig, 1 shows that under conditions of 
high excess basicity, Type A sodium zeolite is obtained only at low values 
of k, which, for temperatures of 70-90°, are limited to values of 0,20 to 
ihe sarap ciple d 0.70, At higher temperatures, the composition region in which the forma- 
ao ee tion of Type A zeolite is possible is considerably smaller, Generally, this 
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Fig. 2. Comparison of interplanar distances for known synthetic 
zeolites and zeolites prepared in this work, 


synthetic zeolite cannot be prepared at temperatures above 110°, Under the conditions investigated, as under condi- 


tions of lower basicity [5], low concentrations of SiO, in the gel(n = 1 and 2) are most favorable for the formation of 
this zeolite. 


In contrast to the results obtained by Barrer [5] with gels of low Na,O content, under the conditions of our experi- 
ments zeolite X was obtained and was completely stable at 70° in the composition region for which k varied from 0,75 
to 1.33, A crystalline product was not obtained from gels with values of k > 1,33 at 70°, even at prolonged times 
(more than 7 days), At higher temperatures, for example, even at 90°, zeolite X did not crystallize stably, Within 


these limits of variation in k, zeolite X was formed at this temperature together with product C, At temperatures 
above 100°, zeolite X probably is not generally formed, 


*The complete results of the adsorption investigation are not presented in this communication, 


02 04 06 08 10 

Fig. 3. Adsorption iso- 
therms for the zeolites 
synthesized in this work, 
1) H,O on D (13X), 2) 
H,O on E (4A), 3) H,O on 
C (at 18°), 4) CzHsOH on 
C (at 18°), 5) Ng on C (at 
—196°), 6) n-Cg Hy on Cc 
(at 18°). 


Product C differed with respect to x-ray pattern from A and X; at the same 
time, this aluminosilicate possesses considerable adsorption capacity for water, which 
can be removed by heating without destruction of the structure of the crystal lattice. 
The materal is undoubtedly a zeolite, This zeolite is apparently identical to zeolite 
P recently described by Barrer [4], as may be concluded from the closeness of the 
interplanar distances of these products and from the temperature region in which they 
are formed, The composition of our zeolite C corresponds to the formula 0.94 
NagO * A1lgOg * 3.52 SiO, * 4.55 H,O and lies within the limits of variation of the compo- 
sition of zeolite P according to the data of Barrer, The optimum temperature for 
the formation of zeolite C lies in the range 90-120°, Within this temperature region, 
zeolite C is formed stably at values of k varying from 1.33 to 4, The possibility of 
forming this zeolite at higher k values has not been determined. 


The adsorption properties of zeolite C were characterized by an investigation of 
the adsorption of HJO, CzHsOH, Ng, and n-CgHy2. The isotherms are presented in Fig. 
3. Adsorption isotherms for H,O on samples of sodium zeolites A and X are also 
shown in this same figure for comparison, All of the synthetic zeolites were heated 
under vacuum at 200° prior to the adsorption measurements, The isotherms of Fig. 3 
show that zeolite C possesses considerable capacity for water vapor, and they clearly 
show selectivity of adsorption. 


The calcium form of zeolite C, which was prepared by exchange of Ca”* for 
73% of the Nat, is almost indistinguishable from the original sodium form with 
respect to adsorption properties, This fact requires special investigation, since it is 
well known that the ability of Type A and X zeolites to adsorb selectively is 


significantly changed as a result of replacement of Nat ions by Ca’*, Under the conditions investigated, analcite 
and basic noselite (Products A and B, Fig. 1) are formed almost exclusively within the temperature region of 150 to 
200°, It may also be mentioned that basic noselite crystallizes predominantly from the more basic gels or from gels 
with a lower SiO, content (log k), Simultaneous formation of these aluminosilicates was observed in many cases. 


Under specific conditions, sodium zeolites A, X, andC can recrystallize during the synthesis process with the 
formation of other crystalline phases, Such transformations were observed predominantly in those cases in which the 
compositions of the original gels corresponded to those close to the boundaries of the regions of formation of the 
various zeolites, Thus, for example, the transitions A> X, X ~+C, and C ~ analcite were observed at long soaking 


times. 


The transition of basic noselite to analcite was also observed, 


Further investigations are required to determine more completely the optimum conditions for the crystallization 
of zeolites and to characterize more completely their properties, Such investigations could lead to the discovery of 
new synthetic zeolites possessing useful properties, and could answer a series of still unresolved questions having not 
only purely scientific, but also significant practical interest, 


— 
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B,8,B-TRICHLOROETHYL ESTERS OF SOME TRIVALENT ARSENIC ACIDS 
Gil'm Kamai and N. A, Chadaeva 
Chemical Institute, Kazan Branch of the Academy of Sciences USSR 
(Presented by Academician A, E, Arbuzov, December, 6, 1960) 
Translated from Doklady Akademii Nauk SSSR, Vol, 138, No. 1, pp. 123-124, May-June, 1961 
Original article submitted November 28, 1960 
The present work developed from our investigations of the synthesis and properties of various esters of acids 
of trivalent arsenic [1]. The work had as its purpose the study of methods for the preparation of 8 ,6 ,B -trichloroethyl 
esters of arsenious, ethanearsonic, benzenearsonic, and diphenylarsinic acids, 
We found that transesterification is a convenient method to use for the preparation of the above esters; the 
reactions may be represented by the following equations: 
(RO)s As + 3CClsCH2OH (CClsCH20)3As 3ROH. 
R’As (OR)2 + 2CCls;CH2OH R’ As (OCH,CCls)2 + 2ROH. 
However, we did not overlook the possibility that other methods previously used by us for the preparation of esters of 
acids of trivalent arsenic could also be used for the preparation of these esters, 
Thus, for example, benzenearsonic acid 6 ,6 ,B -trichloroethyl ester was easily obtained from phenylarsine oxide 
and 6 8,6 -trichloroethyl alcohol by heating the components under vacuum: 
CeHsAs =O + 2CCls;CH,OH = CsHsAs (OCH H,O. 
The esters prepared in the present work are listed in Table 1. These esters are colorless, oily liquids, Their 
chemical properties are close to those of aliphatic esters of trivalent arsenic acids, They are hydrolyzed by water, 
liberating the corresponding oxide compound of arsenic and 8 ,8 6 -trichloroethy! alcohol, 
The interaction of acetyl chloride with the 6 ,6 ,6 -trichloroethyl ester of arsenious acid gave arsenic trichloride, 
and the corresponding reaction with the 6 ,6 ,6 -trichloroethyl ester of benzenearsonic acid gave phenyldichloroarsine, 
Our attempts to separate pure acids chlorides having the compositions CCl;CH,OAsCl, and (CCxCH,0 )AsCl 
were unsuccessful, In all probability, 8 ,8 6 -trichloroethoxydichloroarsine and bis 6 ,6 ,6 -trichloroethoxy )chloro- 
arsine are not thermally stable; the following reactions apparently take place during distillation: 
CCIsCH2OH AsCls = CClsCH2OAsCl, +- HCI, (1) 
2CCIsCH20 AsCle (CClsCH20)2 AsCl -+ AsCly, (IL) 
a AsCl (CCI;CH20); As CCI,CH,OAsCle, (II1) 
(CClygCH2O)2 AsCl +- CClsCH2OAsCl = (CClyCH2O) As 4- AsCls. (IV) 
As a matter of fact, when arsenic trichloride was heated with 6,6 ,8 -trichloroethyl alcohol, only tris(6 ,8,6 -trichloro- 
ethyl) arsenite was identified as a reaction product. We were unable to isolate any other individual products, 
EXPERIMENTAL 
B ,B ,B -Trichloroethyl ester of arsenious acid, Experiment 1. A mixture of 12.67 g of triethyl arsenite and 31.0 
g of 8 8,8 -trichloroethyl alcohol was heated to boiling in an Arbuzov distillation flask; 8.35 g of ethyl alcohol 
distilled over a temperature of 78-79°, The following fractions were separated by vacuum distillation: Fraction II 
(b.p. 128-130°/1 mm), about 3 g, nD 1.5149, ¢°4 1.6847 and Fraction II (b.p. 172-173°/2 mm), about 15 g, nD 
1.5351, dj” 1.8044, On the basis of the arsenic analyses, Fraction II was pure ethyl di-B ,B ,6 -trichloroethy] arsenite, 
and Fraction III was the total 6 ,B,B -trichloroethyl ester of arsenious acid. 
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B. p- 1) AR | Cl, % 
Compound ° a; nh | MR D : | 
H foundcale, found calc.| = 

1 172-1732 | | 1.5351] 89,75 — | - | 

2 1.6847 1.5149] 74,53 9,90 117488 | 17,99] 50,9 | 


ASOCH,CCI, | 89—90/1,5 | 1.7545 2 | 2593) | — 

AsOCIL,CCI 89--00/1,5 | 1,7545 | 1,5227 | 49,3 10,21 56.99 6,43 70,1 
(OCH,CCL), | 11,5241 | 73,871 | 10,975 | 18-8 | 18,60] 52,61 | 53,08 | 69,7 
| 

(OCH,CCL), 169—1702 | 1.6524 | 41,5717 | 80,334 | 10,967 | 18-56 | | 47-10 


(C1), ASOCH,CCI, 166-167/1,5) 1.4704 


> 
4 


89,018 | 12,024 | | 19,84 | | 28,18 | 93,17 


Experiment 2, A mixture of 45,3 g of arsenic trichloride and 37.8 g of 8,8 ,B -trichloroethy! alcohol was 
heated to boiling in a flask fitted with a reflux condenser for 8 hours, Fractional distillation under vacuum gave a 


fraction with a b,p. of 172-173°/2 mm, nD 1,5352; these properties correspond to those of tris( 6 ,6 ,6 -trichloroethy!) 
arsenite, 


8 ,8,8-Trichloroethyl ester of the ethylene glycol arsenious acid, A mixture of 12.3 g of the mixed allyl ester 
of ethylene glycol arsenious acid and 10 g of 8,8 ,8-trichloroethyl alcohol was heated in an Arbuzov flask; 2.7 g of 
allyl alcohol nD 1.4130, distilled at a temperature of 97-99°, Vacuum distillation of the product yielded 8,1 g of 
a fraction with a b.p, of 89-90° at 1.5 mm (the constants and analytical data are shown in Table 1), 


8,6 ,8-Trichloroethyl ester of ethanearsonic acid, In a manner similar to that described above, a mixture of 
13,0 g of ethanearsonic acid ethyl ester and 22,0 g of 8,6 ,8-trichloroethyl alcohol was heated, This gave 16.2 g of 
the BB ,B -trichloroethy! ester of ethanearsonic acid with a b.p. of 1327/2 mm. 


8 ,B ,8-Trichloroethyl ester of benzenearsonic acid, Experiment 1, A mixture of 10.0 g of phenylarsine oxide 
and 17.8 g of 8,8,8-trichloroethyl alcohol was heated for 2 hours in a flask fitted with a reflux condenser and was 
then heated under vacuum until a constant absolute pressure of 10 mm was established. Vacuum distillation from a 
Favorskii flask yielded a fraction with a b.p, of 169-170°/2 mm. The amount was 16.9 g. 


Experiment 2, Transesterification of 9.9 g of benzene arsonic acid allyl ester of 10.7 g of 6,6 ,6 -trichloro- 


ethyl alcohol yielded 3,4 g of allyl alcohol with a b.p. of 96-98", nD 1.4145, and 9,3 g of the 6,6 ,B -trichloroethyl 
ester of benzenearsonic acid with a b.p. of 16371.5 mm, 


Hydrolysis of the ester with water yielded phenylarsine oxide. 


8 ,8 ,8-Trichloroethyl ester of diphenylarsinic acid, This compound was prepared in a manner similar to that 
described above by heating 14.5 g of diphenylarsinic acid ethyl ester and 8,0 g of 8,8 ,8 -trichloroethy! alcohol, There 
was obtained 16.5 g of a substance with a b.p. of 167°/1,5 mm. 
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AN INVESTIGATION OF THE MAGNETIC SUSCEPTIBILITY 
OF POLYALKANOPOLYFERROCENES AND POLYFERROCENYLENES 
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In connection with the recently discovered [1-5] peculiarities in the magnetic and other properties of polymers 
in which there is a large number of conjugated multiple bonds, it seemed of interest to study the polyalkanopoly - 
ferrocenes, in which there are four or five CH, (or CHg—CHg) groups between each pair of ferrocene residues, In 
addition to these polymers, which were prepared by condensation reactions (6, 7], polyferrocenylene® was also 
studied for purposes of comparison, The latter compound was prepared by a recombination reaction [10]. 


The degree of polymerization of the polymers was low, but it was nevertheless possible to obtain different 
molecular weights for each type of polymer, The static magnetic susceptibility of all of these polymers was 
measured at intervals over a magnetic field strength of 3500 to 4500 oe and temperatures from 20 to 120°, The 
measurements were carried out by the Faraday method with a magnetic balance having a sensitivity of 1° 10% ge 
In addition to the measurements made on solids, the magnetic susceptibilities of solutions of these polymers in 
benzene were also determined (by the Gouy method over a field strength of 4400 to 6100 oe), Some results of the 
measurements are presented in Table 1, 


TABLE 1 
No. Substance Mol, Specific 
wt magnetic 
susceptibility 
I Ferrocene 186 —0.65-10% 
I Biferrocenyl® [8, 9] 370 —0.25+10% 
Ill Pentaethanodiferrocene 502 —0,05 10% 
IV Polymethanopolyferrocene 1000 +1.4+10% 
Vv Polymethanopolyferrocene 2000 +0.7°10% 
VI Polyethanopolyferrocene 1000 +0.6+10% 
Vil Polyethanopoly ferrocene 2000 -0,1°10% 
Vill Polyferrocenylene 2500 +43,0°10% 


* The authors desire to express their thanks to V. A. Sazonova and V.N. 
Drozd for the gift of the biferrocenyl. 


The values of the specific magnetic susceptibility shown in Table 1 are not corrected for diamagnetism; they 
become more positive when so corrected, In particular, when the susceptibility of polyethanopolyferrocene VII is 
corrected for diamagnetism, it assumes the more positive value of +0.55+10%, 


In contrast to the original diamagnetic materials from which the polymers were synthesized, the polymers them- 
selves are paramagnetic® *. It follows from the data of Table 1 that the more closely the ferrocene units are disposed 


* The authors desire to acknowledge their sincere appreciation to S, L. Sosin, who provided the polyferrocenylene. 


**The value of the magnetic susceptibility did not depend on field strength, which indicates that ferromagnetism was 
absent. 
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to cach other in the polymer molecule, the more paramagnetic is the polymer. Special measurements showed that 
the magnetic susceptibility values obtained for these polymers in solution are the same as those obtained in measure- 
ments on the solid polymers, 


It follows from all of these facts that the paramagnetic properties of amorphous polyalkanopolyferrocenes and 
polyferrocenylenes are due to the electronic structures of their molecules, and the value of the magnetic susceptibility 
depends on the nature of the bond between the ferrocene units, It is interesting that there is distinct interaction be- 
tween the ferrocene units, even in polyethanopolyferrocenes, in spite of the significant distance between them. The 
e.p.r. spectra [11] are in complete agreement with our data. 


As a result of the present investigations, very interesting questions arise with regard to the mechanism of the 
development of paramagnetism during the course of the transition from ferrocene to ferrocene polymers and with 
regard to the temperature dependence of the magnetic susceptibility of such polymers. It should be pointed out that 
when these polymers were heated to 120°, there was a significant irreversible increase in the magnetic susceptibility 
without the development of ferromagnetism, Whether this phenomenon is connected with the process of polymer oxi- 
dation or whether it takes place independently of the process cannot be determined on the basis of the data obtained 
in this work, 


We are continuing our thorough investigation of polyalkanopolyferrocenes, 
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Developing the ideas of N. S. Kurnakov in the field of multicomponent equilibria, V. P, Radishchev deduced 
from theoretical considerations five types of subdivision of quinary systems composed of nine salts: A,B,C, D, and 
E [1]. The development of the type of subdivision, the finding of the singular and nonequilibrium stars, allows one 
to predict the exchange reactions and to curtail the experimental investigations of reciprocal systems [2]. Type A 
has been described for the system Na, K, Agll Cl, Br, NOg [3]. Type C has been confirmed for the first time in the 
present work, The composition diagram of a quinary reciprocal system of nine salts can be represented by a four 
dimensional polytope with nine vertexes (a prism of the second type). The location of the secant and stable elements 
of the composition diagram is carried out with the aid of tables of vertex indexes* [4]. 


TABLE 1. Vertex Indexes, Secant Elements, and Stable Cells 
of the Composition Diagram of the Quinary Reciprocal System 
of Nine Salts: Li, Na, T1 |] Cl, Br, SO, 


Singular star | Nonequilibrium star 


Anion 


Li 
Na 
Tl 


Base triangle; 4-2B-4 

Secant tetrahedrons: 

1) 24—2°—4; 2) 4—2°—42; 3) 24—2°—4; 4) 4—2°2"—4; 
5) 4A—2°2°—4; 6) 4—2"—42. 

Stable cells: 
1) 024—2"°—4 
2) 4—2°—420 
Pentatopes of the cyclic part of the star; 

3) 24—272"—4; 4) 24—2°—2"—42; 5) 4—292"2°—4; 
6) 4—2"2°—42 


} Branches 


The vertex indexes of the singular and nonequilibrium stars are shown in Table 1, The two stars are identical 
in Type C; hence, the sets of vertex indexes are the same, The order of the cations in the nonequilibrium stars is 
the same as in the singular stars, while the order of the cations is reversed. 


*A vertex index indicates the number of stable diagonals passing through a given vertex of the polytope. 
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Fig. 2. The ternary system 


As may be seen from Table 1, the secant tetrahedrons 3, 4, 5, and 6 have a common base ~ the base triangle 


428-4, For the nonequilibrium star the triangle corresponds to the salts LiBr- NaCl —'4 T1,SO4, while for the singular 
star it corresponds to 44 LigSO,—NaCl—TIBr. The ternary systems corresponding to these triangles were verified experi - 
mentally, The nonequilibrium triangle LiBr—Nacl—'4 T1,SO,4 is characterized by the presence of six crystallization 
fields (Fig. 1): three fields of the components LiBr, NaCl, and T1,SO,4, two fields of the exchange products Li,SO, 

and Na,SO,, and a sinall field of phase X. In the quinary reciprocal system Li, Na, T1 |] Cl, Br, SOq, the combination 
of salts corresponding to the components of the nonequilibrium star is the least stable. 
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The base triangle (Fig. 2) of the singular star *ALigSO,~ NaCl~TIBr is a simple ternary system with three fields 
of the initial components and a triple eutectic point at 424° having the composition 2% 14Li,SO, + 7%NaCl + 91% 
TIBr, The stability of the base triangle is thus confirmed, Both triangles — the nonequilibrium and the stable — have 
significant regions of separation, In Type C, the intersection of the nonequilibrium and base triangles takes place 
along the conversion line [1], which indicates that both triangles are disposed in one hyperplane of the four-dimensional 


diagram. The conversion line is determined by the points of the composition diagram corresponding to 50% 'Li,SO, + 
50% TIBr + NaCl or 50%LiBr+ 50% Li,SO, + NaCl. 


It is readily seen that NaCl is a component of both triangles, so that double decomposition becomes reactions 
of pairs of salts, LiBr+ '4 T1SO,-> 14 LiSO, + TIBr, and the NaCl remains unchanged, 


Thus, the exchange reaction in the quinary system Li, Na, T1 |] Cl, Br, SO, is expressed by the following 
equations: 


Nonequilibrium star: 
LiBr Th SO, Lig SO, -}- TIBr, 


LiBr +- NaCl LiCl NaBr, 
NaCl TI,SOy — 1/2 Nag SO, -+- 


Singular star: 
TleSOq + LiBr TIBr LigSO,, 


Na.SO, Licl > Li,SO, NaCl, 
NaBr + — NaCl -|- TIBr. 


Summing and reducing, we obtain: 


1,80. i,SO, 
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Investigations over the last few years have established that radioactive irradiation of solid bodies has an 
appreciable effect on their physicochemical properties, in particular, on the process of solution [1, 2]. The solubility 
in water of radioactive samples of yttrium oxide and the effect of the energy of the 6 -radiation on the solubility 
were studied in the ptesent work, Preparations of Y,0, some containing Y® and others Y°"", were used. These isotopes 
are B -emitters (Y"°: Emax = 2.18 Mev, Ty = 64,6 hours; ¥": Emax = 1.55 Mev, Typ = 57.5 days). y -Radiation is 
insignificant in the case of ry", and it is entirely absent in the case of yy”. Measurements on the half-lives and mode 


of absorption of the B-rays by aluminum showed that we were dealing with isotopes which were quite pure with respect 
to radioactivity, 


The yttrium oxide solutions of different specific activities (from 
0.004 to 260 mC/g) were prepared under equivalent conditions by preci- 
pitation of the hydroxide from a solution of the nitrate by means of 
NH,OH; the precipitate was washed with doubly distilled water and 
calcined at a temperature of 950°, 


= 
~ 


The solubility studies were carried out in a thermostatted cell 
(25°) fitted with a propeller-type stirrer and an oil seal. An 0.5-gram 
sample of the preparation was placed in 75 ml of doubly distilled water, 
; the mixture was stirred and samples of the solution were collected 


S 
~ 


S 
> 


content, mg per 100 gH;O 


ae 3 J 7 Hours each 30 minutes using a jointed pipet with a glass filter. The pipet 
was preliminarily rinsed several times with the solution under study in 

Fig. 1. Kinetics of the solution in water order to avoid loss of dissolved material by adsorption. The sample 
at 25° of yttrium oxide preparations of (about 0,5 ml) was transferred to a small aluminum cup, weighed, and 


different specific radioactivities, 1) then evaporated to dryness under a special lamp. The solubility was 

0.05 mG/g; 2) 4,08 mC/g; 3) 20 mC/g; calculated from the activity of the dry sample, the weight of sample 

4) 96.70 mC/gy 5) 150 mC/g, collected, and the activity of a standard. The standard was prepared 
by evaporation, in a small aluminum cup, of a known volume of solu- 
tion having a known yttrium content. 


Yttrium oxide is completely hydrated in water, Therefore, our solubility values obviously relate to yttrium 
hydroxide, which is apparently additionally hydrated in solution, However, the solubility values are reported below 
in milligrams of Y,O, per 100 g of water for simplicity. 


Appreciable differences among the preparations studied with respect to the kinetics of Y,O, solution were not 
noted, Figure 1 presents curves showing the establishment of equilibrium; these curves are characteristic of all levels 


of radioactivity studied, Supersaturation was not detected. Equilibrium of the solid phase with the solution was 
attained in 7-8 hours, 


Data on the solubility of YyO3 containing different amounts of ¥,05 are presented in Table 1 and Fig, 2, When 
the specific radioactivity lay within the limits of 0.05-1.0 mC/g, the solubility of the yttrium oxide remained 
practically constant (0,18-0,17 mg per 100 g H,O) and was the same as that found in the work reported in reference 
[3] by electrometric titration of a solution saturated at 29° with a nonradioactive preparation of Y,O3 (8.00- 10* 
mole/liter or 0.18 mg/ 100 g HO). With a further increase in the specific activity to 20 mC/g, the solubility dropped 


9 
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br 
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Fig. 3. Effect of the energy of B-radiation on 
- Log specific radioactivity the solubility of yttrium oxide preparations in 


water at 25°, 
Pig. 2. The effect of the addition of 
on the solubility of yttrium oxide to approximately half the above value. A sharp increase in 
in water at 25°, the solubility began above 20 mC/g, All data in Table 1 are 
averages of 3-5 experiments. The maximum deviation from 
the average values was +6%, 


The data of Table 1 also show the effect of the isotope Y™ on the solubility of Y,O,; the maximum energy of 
the radiation of this isotope is low. It can be concluded that 8 -radiation from Y** also has an effect on the solubi- 
lity of yttrium oxide, decreasing it. With preparations maving the same specific radioactivity, the solubility of ¥10, 
was more affected by the high-energy radiation from Y™, as Fig. 3 shows. 


TABLE 1. The Effect of Radiation from Y°° and Y* on the 
Solubility of Y,O, in Water at 25° 


Specific |Solubility of || Specific | Solubility of 
radioactivity,| ¥Y,O3, mg per || radioactivity, Y,03, mg per 
mC/g 100 g H,O | mC/g 100 g H,0 


Y™ Radiation 


O,18 25,00 
0,17 M,70 O,13 
O,17 AAA O,16 
60,00 
0,14 77,50 
0,12 96,70 
0,12 126,50 0,26 
0,12 150,00 0,28 
211,00 


y* Radiation 


0,004 209 O17 

0,18 201 | O,16 

0,18 3,50 | 

100 0,17 | 4,00 | 
| 


150 O47 400 


Following are some preliminary considerations regarding the mechanism of the phenomena observed in this 
work: As a result of the emission of 8 -particles, positive point charges are formed on the surface of the 405 solid 
phase. These affect the negatively charged OH groups of the incompletely ionized Y(OH) molecules in solution, 
This is the reason for the decrease in the solibility of yttrium hydroxide in the presence of the radioactive isotopes 
Y* and Y", When the emission of 8 -particles reaches a certain high level, ionization effects increase under the 
influence of bombardment by electrons, and this apparently includes dissociation of the Y(OH) molecules, Repulsion 
of Y** ions from the positively charged surface of the solid Y,O, should lead to an increase in the solubility of yttrium 
hydroxide preparations having a high specific radioactivity. 


= 


Only when the specific radioactivity of the Y,O; samples was very low (less than 0,1 mC/g) did the presence 
of the radioactive isotope have no effect on the solubility of the compound. 
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The classification of viscosity isotherms of liquid systems distinguishes four basic types of diagram [1]. Type I 
comprises isotherms convex to the composition axis (a particular case is that of curves with a minimum), According 
to the generally accepted interpretation of such diagrams, similar isotherms do not reflect interaction between the 
components, T ype II includes those isotherms showing a maximum in the viscosity (the comparatively rarely 
encountered isotherms concave to the composition axis but not having a maximum or minimum belong to this type). 
Type Il diagrams are those with a singular point, Finally, Type IV includes those diagrams having sigmoid isotherms. 


Viscosity diagrams with sigmoid isotherms occupy a special position with respect to the remaining types. While 
from the first three types it is possible to form a qualitative estimate of the degree of chemical interaction (which 


increases from Type I to III), the interpretation of isgmoid isotherms is always limited to a mere statement of the fact 
of interaction between components of the system, 


The first analyses of sigmoid viscosity isotherms were carried out by M, I, Usanovich [2, 3], who showed that 
sigmoid isotherms have no tendency to transform to curves with a maximum when the temperature is decreased, In 
a number of cases, sigmoid isotherms have been obtained even when the system was investigated in the supercooled 
state — below the crystallization temperature of the compounds formed, According to the interpretation of M, I. 


Usanovich, sigmoid viscosity isotherms are obtained when the viscosity of the compound formed is intermediate be - 
tween the viscosities of the initial components. 


The relationship between sigmoid viscosity diagrams and diagrams of the other three types can be determined 
by a comparison of the viscosities of a series of binary systems in which the same component (A) reacts with others 
(B, C), the activity of which with respect to the first component has been established by independent methods, We 
discuss below several such series in which one of the diagrams is sigmoid. 


In the acetic acid— acid series (Table 1), the degree of chemical interaction decreases from the system contain 
ing perchloric acid to the system containing propionic acid, As the investigations of M. I, Usanovich have shown[ 4,5}, 
in all of these systems, with the exception of the last, acetic acid behaves as a base, 


The majority of acids, with the exceptions of sulfuric and trichloroacetic acids, display sharply expressed basic 
properties with respect to perchloric acid [11-13]. Therefore, in the perchloric acid—acid series (T abie 1), the degree 
of chemical] interaction increases from the system containing sulfuric acid to the system containing water. 


The relative maximum viscosity (the ratio of the maximum viscosity to the viscosity of the second component 
of each system of the corresponding series) in these two series changes in accordance with the degree of chemical 
interaction, The relative maximum viscosity, which takes into account the effect of the viscosity of the second 
component of each system in a given series on the maximum viscosity of the system, is introduced in the present case 


as a value which well illustrates qualitatively the change in the degree of chemical interaction in a binary system 
{19}. 


It may be seen from an inspection of the data of Table 1 that systems with sigmoid isotherms are transitional 
between systems with well expressed interaction and systems in which the viscosity isotherms do not reflect inter- 
action between the components, The picture in the chloroacetic acid—acid series is analogous, Chloroacetic acid 
plays the role of a base with respect to strong acids — perchloric and sulfuric — which leads to an interaction which is 
reflected on the viscosity diagrams. With a weaker acid — nitric — chloroacetic acid either dogs not react or reacts 


| 
| 


TABLE 1 


Relative 
maximum Source 
viscosity 


| Natural 
Second viscosity of Maximum 
component |second €om- viscosity 
ponent, cp 
Viscosity of systems of the acetic acid -— 
acid series at 25° 


0,795 * 42,0 

110, 16 

| 1,874 

244,8 

CH,CICOOT Sigmoid isotherm 
CsH,COOU Isotherm convex to composition axis 


Viscosity of systems of the perchloric acid- 
acid series at 50° 


11,SO, Isotherm convex to composition axis | ("") 


Same 
CUCICOOU Sigmoid isotherm 
CH.CICOOH 2 45°" | 3,00 | 


13) 


0,742 12,68 
(1,040 


Viscosity of systems of the monochloroacetic 
acid — acid series at 60° 
0,99 2,44 4,0 
9,30 10,2 


1INOs Isotherm convex to composition axis 
CH,COOH Sigmoid isotherm 


CoH-OH | 2,927 | 


* Data from reference [5] 
**Data from reference [14]. 


to such an insignificant extent that the interaction is not reflected on the viscosity diagrams. A reversal of functions 
occurs in systems with acetic acid and phenol; chloroacetic acid displays its acid properties. Correspondingly, the 
degree of chemical interaction increases as the acid properties of the second components weaken, i.e., from acetic 
acid to phenol, 


In this case also, sigmoid viscosity diagrams represent an intermediate degree between systems with well - 
expressed chemical interaction and systems where interaction is either entirely absent or is developed to only an 
insignificant extent, 


The intermediate position of diagrams with sigmoid isotherms is also clearly illustrated in other cases similar 
to those presented above (nicotine chlorinated hydrocarbons, esters— acetic acid, etc.). 


A vast amount of experimental material has been accumulated up to the present on viscosity diagrams of binary 
liquid systems. These data leave no doubt that chemical interaction procecdings by the scheme A + B = AB is always 
associated with an increase in viscosity. In the light of this, it follows that sigmoid viscosity diagrams are obtained 
in those cases where the viscosities of the original components differ appreciably from each other and the amount of 
product is too small for the viscosity of the system to exceed the viscosity of the more viscous component. 


Thus, there is a genetic bond between diagrams with isotherms convex to the composition axis and diagrams 
showing a maximum in the viscosity — a bond in which sigmoid isotherms are an intermediate link, 
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A new reaction by which Ssi-c bonds are formed was recently discovered when it was found that alkenyl 
chlorides and chlorobenzene condense at higher temperatures with aliphatic monohydrosilanes [1]. It was found that 
vinyl chloride condenses with HSiCl, with yields of up to 50-80%, The yield decreased to 40-50% in the case of 
CHsHSiCl,, and fell to zero in the case of (CgHg)sSiH [2]. The reaction usually takes place in accordance with 
Scheme (I): 


(CH == CH) SiClz + HCL (1) 
NCH,SiCls 4- =: CH: (2) (1) 


CHsHSiCl, -+ CH, == CHCl — 


1.e., a side reaction in which the alkeny! chloride is reduced takes place along with the condensation reaction and, in 
the case of (CgHg SiH, becomes the major reaction, 


The reaction with chlorobenzene takes place similarly in accordance with Scheme (II): 


CeH;SiCls + HCI (1) 
NSiCly 4- (2) (II) 


HSiCls 4- CoHsCl — 


This reaction takes place to the extent of 40-50% in accordance with Route 1 (the condensation route), 


On the basis of these results, it would be expected that the presence of an electronegative substituent at the 
silicon atom would be necessary for the formation of the =Si-~C— bond, Aryl radicals have an electronegativity 
intermediate between the electronegativity of alkyl groups and that of halogen atoms, Therefore, we decided to direct 
the present investigation to a study of the possible high-temperature condensation of both allyl chloride and chloro- 
benzenes with triarylsilanes, In the event that this latter reaction, for example, were successful, the route to tetraaryl- 
silanes would be considerably simplified. Up to the present, these last compounds have been prepared only by organo- 
metal synthesis, for example, the method due to Gilman and Miller [3]: 


As shown below, in the description of the experiments, our expectations were to a considerable extent justified. 
In contrast to trialkylsilanes, which do not enter into the condensation reaction at all, triarylsilanes undergo conden- 
sation according to the scheme indicated above: 


— CH=CH;+ HCl 


ArsSili -}- == CH — 
ArsSiCl +4+- CHsCH == CH, 


The triarylsilanes investigated may be arranged in the following order with respect to yields of condensation 
products with alkenyl] halides: 


SiH < (CoH;)s SiH < (CICgH,) SiH. 


The data of Table 1 indicate that, with respect to electronegativity of the XSi group, the triarylsilanes investi - 
gated in this work actually fall between HSiCls, which gives the highest yield of condensation products, and HSi(C3Hs)s, 


4CICgHyLi Si + Si (CoHgCl)y 4- 4C3H;OLi. (III) 
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TABLE 1. Electronegativity of X3Si Groups which does not form condensation products. However, values 
in X3SiH (X = Cl, Alk, Ar) of electronegativity were very close for all of the arylsilanes 
studied, while the yields of condensation products differed 

Bond Electro - sharply. It is evident that the yield of condensation products 
Monohydrosilane | vibrational | negativity is determined by factors other than the electronegativity of the 
frequency | [4] X3Si group, These other factors will have to be evaluated by 
future investigations, 


(CICg 2138 
(Colls)sSill 2126 ‘ Interesting results were obtained by high-temperature 
(Cie condensation of tri(chlorophenyl)silane with p-dichlorobenzene, 
CMe Sill (5) 2098 ‘ which was carried out at 630°, In this case, the reaction 
proceeded according to the more complex Scheme (V), which 


may be represented by means of the following equations: 


a) (CICgH4)s Si HCI 17% 
4- CICGHyCI | + b) 4- CICgHs 12% 
C) [(CICgHs)s Si]s -+ 2HCI > 20% 


The reaction was carried out in a 20 mm diameter quartz tube, which was heated by means of an electric 
furnace, The tube was filled with nitrogen before the start of an experiment, and nitrogen was passed through the 
tube ata rate of 2 cc/sec during the experiment. The reaction products were collected in a trap cooled to—20°. An 
absorber containing 0,1 N NaOH followed the trap, The amount of HC] liberated was determined after each experi- 
ment by titration, 


The original triarylsilanes were synthesized by Grignard reaction, 


A. Interaction of tri-p-chlorophenylsilane with allyl chloride, When the reaction was carried out at the optimum 
temperature, which proved to be 580° in this case, it was possible to isolate only one crystalline product, m.p. 112°. 
The yield was 42, 


Found %: C 62.18; H 4,29; Si 7,01; Cl 26.38, (CICgH,)SiCH,—CH =CH. Calculated %: C 62.42; H 4.24; 
Si 6.95; Cl 26,33. 


The amount of (C1CgHg)SiC] in the reaction products was found to be 6% by HCI titration. 


B. Interaction of tri-p-tolylsilane with allyl chloride. Two crystalline products were obtained at a reaction 
temperature of 580°, A crystalline product with an mp. of 116-117 was separated from petroleum ether solution; 
the yield was 32%, 


Found %: C 74.68; H 6.22; Si 8.4; C1 10,38. (CHgCgHgSiCl. Calculated %: C 74.85; H 6.25; Si 8.33; 
Cl 10.52. 


Tritolylallylsilane (about 5%) initially separated as a difficultly crystallizable oil, which was distilled. Treat- 
ment with petroleum ether (b.r. 30-50°) converted it to transparent octahedra with a m.p. of 114°. 


Found %: C 84,12; H 7,69; Si 8.2. (CH gCgHg)SiCH,—CH =CH,. Calculated %: C 84,14; H 7.65; Si 8.2. 


C. Interaction of triallylsilanes with halobenzenes, A) Reaction with chlorobenzene. It would be expected 
that, in the case of alkeny] halides, the reaction would proceed to some extent by condensation and to some extent 
by reduction: 


HCI 
R,SiH — 


In the case of the aryl halides, the optimum temperature proved to be 630°, Tritolylphenylsilane was formed in an 
amount of only 2% during the condensation of tritolylsilane, Tritolylchlorosilane was obtained in 42% yield, The 
condensation of tri-p-chlorophenylsilane gave a 14% yield of tri-p-chlorophenylchlorosilane (by extraction with 
petroleum ether) with an m.p, of 108-112 and a 19% yield of tris(p-chloropheny])phenylsilane (by extraction with 
benzene) with an m.p. of 134°, After the separation of these two compounds, there remained a high-melting product 


| 
| 
| 
| 


with an m.p. of 258-262 (recrystallization from hot benzene), According to the molecular weight (found, 710-730; 
calculated, 732) and elemental analysis, this compound had the composition SigC kCgHg). We assume that this product 
was formed as a consequence of two-fold condensation and reduction according to: 


(CICGH SUD ClO (CaH HCL (CIC6Ha)s Si CoH Si (Ad 
| 


H 
Bf CISi (Cal 4- (CICgH 4)2 (CoH) Si — CoH gSi (CoH5)(CoH 


b) Reaction with p-dichlorobenzene, The reaction followed Scheme (V) above, Extraction of the reaction 
products with petroleum ether resulted in a 12% yield of tri-p-chlorophenylchlorosilane, m.p. 110-112. Following 
this extraction, tetra-p-chlorophenylsilane, m.p. 180°, was obtained in 17% yield by extraction with benzene. 

Three times more HC] was liberated in this reaction than would be expected from Reaction a), Moreover, after 
extraction of the tetra-p-chlorophenylsilane there remained a high-molecular-weight product with an m.p. of 263- 
269°. This product was chiefly bis{ ri-p-chlorophenylsilyl)benzene, which was formed by Reaction c), This conclusion 
was supported by the analysis. Mol, wt.: calculated for SigClgCgHgg, 801; found, 780, 


Found %: C 63.48; H 4.14; Si 7.8; Cl 24.2. Calculated %: C 62.90; H 3,52; Si 7.1; Cl 26.5. 
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The stability of a 8 -phase under equilibrium conditions is characterized by the equilibrium diagram. Equilib- 
rium diagrams for titanium containing almost all of the 6 -stabilizers have now been determined, [1]. The 8 -solid 
solution can be prepared in the metastable state by rapid cooling of the alloy from the region in which the 6 -phase 
exists as an equilibrium phase, The minimum amount of the alloying additive required for stabilization of the 
B-phase is known from data obtained during a study of conditions for stabilization of the 6 -solid solution by quenching. 
Table 1 lists the minimum concentrations of alloying elements required for the preparation of single-phase 6 -solid 


solutions in the metastable state at room temperature, The alloying elements are arranged in Table 1 in the order 
of their effectiveness as stabilizers of the 6 -solid solution. 


TABLE 1 


Alloying element Critical stabilization concentration Lit. source 
atom % electron conc., 
elec./atom 

Iron 4,5° -4,9° 4,2 (2) 
Cobalt 4.2 [4] 
Manganese 5.0° 4.2 (2) 
Nickel 5.8° -6,3° 4,2-4,3 [2] 
Molybdenum 4.1 
Rhenium 6.0° 4.2 [5] 
Chromium 4.2 

Tungsten 4.2 

Vanadium 18,.4°° 4.2 [2] 
Tantalum 4.2 [6] 
Niobium 4,2 


Titanium used: produced by magnesium reduction method (® ), prepared from the iodide (**), produced by calcium 
hydride method (** * ), 


The minimum critical amount of alloying element required for stabilization of the 6 -phase depends on a 
number of factors, and these must be established in order to form conclusions as to the principles controlling stabiliza - 
tion of the 6 -solid solution in titanium alloys. Elements stabilize the 8-phase more effectively the farther they are 
removed from titanium in Mendeleev's periodic system of the elements. Thus, in the fourth period the effectiveness 
of stabilization decreases from nickel, cobalt, and iron to chromium and vanadium; in the fifth period it decreases 
from molybdenum to niobium; in the sixth period it decreases from rhenium and tungsten to tantalum. This 
dependence is due to the effect of the dissolved component of the solid solution on reconstruction of the lattice of 

the titanium solvent during rapid cooling. Reconstruction of the 8 -phase lattice is hindered by the introduction of a 
foreign atom, and the hindrance will be greater, the greater the difference in the chemical natures of the titanium 
atom and the atom of the second component of the solid solution and the greater the difference in the dimensions 
of these atoms, Consequently, the greater these differences, the more effective the action of the element will be in 


— 


stabilizing the 8 -phase and the lower will be the concentra- 
tion of additive required for the preparation of a metastable 
B-phase during quenching. 


Both the chemical nature of an atom and its dimen- 
sions depend on the number of electrons in the atom, i.e., on 
the electron concentration, and this raises the possibility of 
explaining the dependence of the critical concentration re - 
quired for stabilizing the 6 -phase during quenching on the 
electron concentration in the solid solution. 


The electron concentration corresponding to the critical 
concentration for stabilization of the 6 -phase is shown in Table 
1; the number of electrons of an atom was assumed equal to 
the number of the group of the particular element. It is evi- 
dent from the results of these calculations that a metastable 
B -phase is obtained in titanium-based alloys at practically 
the same electron concentration, which averages 4,2 electrons 
per atom. 


This principle was confirmed for the ternary titanium alloys: titanium— iron~ vanadium, titanium iron— 
chromium, titanium vanadium~ molybdenum, titanium molybdenum— iron, and titanium— molybdenum manganese, 
Knowing the value of the electron concentration at which the formation of a 6 -phase is possible, it is possible to cal- 
culate the compositions of alloys which will have the structure of the 8 -solid solution upon quenching. 


Figure 1 shows, as an example, the ternary metastable phase diagram for the system titanium— iron— vanadium, 
The straight line drawn into the titanium corner separates the 6 -phase region from the region of B + w-phase. The 
line was drawn by connecting points corresponding to critical stabilizing concentrations of the alloying elements in 
the binary systems titanium~iron and titanium—vanadium. Ternary alloys with electron concentrations less than 
4,2 are located in the B + w-phase region, Thus, the titanium alloy containing 3,11 atom % iron and 5.37 atom % 
vanadium has an electron concentration of 4.18 electrons/atom (1), Alloys containing 4.35 atom % iron and 7.64 
atom % vanadium (2), 2.61 atom % iron and 11.4 atom % vanadium (3), and 2.86 atom % iron and 14,18 atom % 


vanadium (4), having electron concentrations of 4,24, 4,21, and 4,25 electrons per atom, respectively, have the 
6 -phase structure, 


This principle also finds confirmation in the remaining ternary systems which have been studied [3]. 
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The presently known elastomers having an inorganic main chain and organic branching comprise only poly- 


dimethylsiloxane elastomers and their various modifications formed by changing the nature of the organic radicals 
framing the siloxane chain. 


+ (CH),SiCL, 


ch, CH 

Si-OH + 2HC) 

CH, | cH, 
CH, 

+ —— CH,COO+-Si—O Si-OCOCH, 


CH, 
a-' 
+ (2n-2)CH,COOH 


ch, 


Si-O-S CH, 
cH) ty 
a + 2NaOH NaO Na + 
>Si-O-SiZ CH, 
H, CH, in 


co. 

+ H,0 — HO-+ Si-O+-H + Na,CO, 
CH, 


in 


Methods for the preparation of such elastomers are based on the catalytic polymerization of cyclic hydrolysis 
products or individual dialkylsiloxane rings with the formation of linear polymers. All attempts to carry out the 
synthesis of elastomers by means of hydrolysis and polycondensation reactions or by heterofunctional polycondensa - 
tion of different difunctional monomers have failed to yield linear high-molecular-weight compounds — elastomers. 
The unsuccessful attempts to prepare elastomers by the polycondensation method may be explained by the occurrence 
of side reactions leading to the formation of not only linear, but also cyclic products. 


The present paper discusses a new method for the synthesis of polydialkylsiloxane elastomers with linear 
chains. This method is based on the polycondensation of difunctional oligomers with difunctional organosilicon 


monomers. This process isc arried out in two stages, The first stage consists of the preparation of the oligomers by 
one of the known methods represented by the above reactions [1-3]. 


In the second stage, these oligomers are subjected to polycondensation or heterofunctional polycondensation 
with the formation of macromolecular elastomers, 


CH, 
| 

0 

| i 

CH, CH, 
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A feature of this method is that when the process is carried out in two stages, the possible formation of low- 
molecular-weight cyclics is avoided in the final stage, since the oligomers entering into the polycondensation 
reaction are already polymerized to an extent such that cyclization is impossible, By means of this method, we 
obtained polydimethylsiloxane elastomers with a molecular weight of about 200,000, which, when vulcanized, 
formed resins with properties analogous to those of standard polydimethylsiloxane resins, 


Our investigations showed that this polycondensation method can also be used to prepare high-molecular-weight 
compounds in which the molecular chains contain metal atoms in addition to silicon and oxygen atoms. Thus, we 
established that a, w -dihydroxypolydimethylsiloxanes of various degrees of polycondensation react with tributoxy- 
aluminum, tetrabutoxytitanium, or tributoxyboron with the formation of linear polymers containing atoms of the 
respective metal in the inorganic polymer chain. 


Polycondensation can take place with the formation of various low-molecular-weight products depending on the 
nature of the terminal functional groups in the linear polydimethylsiloxane oligomers. The polymer-forming reactions 
investigated in the present work can be represented by the reactions shown below, 


CH, CH, 
H HO H + (m-1)H,0 
CH, 


| 
Si-O 


CH, 
CH, 


a mn 


cH, |, 


CH, 
m HO H + mB(OCsH), 
CH, 


— HO Cig + 
oc 
CH, 
m HOT + THOC 
CH, |, 


— HO + (2m 
Hy OC ,Hy 


Colts 
n CH,COO— + nAMOC,Hy)3 
CH, 
Colts 
AI4— + (2n- 1)CHyCOOC,H, 
CH, 


The polymers prepared by these reactions are elastic, soluble substances with molecular weights in the range 
of 100,000-200,000 and are distinguished by high reactivity owing to the retention of a functional group at the metal 
atom. Resins obtained by vulcanization of these elastomers are closely similar in properties to resins prepared from 

polydimethylsiloxanes and excel them with respect to certain properties. 


EXPERIMENTAL 


1, a,w-Dichloropolydimethylsiloxanes were prepared by the method described previously [4]. The charge to 
the autoclave consisted of 326 g (1.1 mole) of octamethylcyclotetrasiloxane and 11.37 g (0.088 mole) of dimethyl- 
dichlorosilane, The reaction was carried out for 3.5 hours at a temperature of 200°. The liquid reaction products 

were separated by filtration, and the volatiles were distilled up to a kettle temperature of 200° at 4 mm Hg. There 


| 

| 

| 


was obtained 237 g of «,w-dichloropolydimethylsiloxane with a molecular weight of 3170 (terminal group method), 


Found %: G 31.64; 31.43; H 8.04; 8,12; Si 36.98; 37.41; C 2.19; 2.22. CI[(CH3)SiO]lySi(CH3)Cl. 
Galculated %: GC 31,83; H 8.01; Si 37.22; Cl 2.24, 


Using this method but changing the ratio of octamethylcyclotetrasiloxane to dimethyldichlorosilane, we were 
able to prepare oligomers with a different length of siloxane chain; these were subjected to hydrolysis for conversion 
to a,w-dihydrox ypolydimethylsiloxanes, 


2. The a,w-dihydroxypolydimethylsiloxanes were prepared by the method described in reference [5]. To - 
flask, fitted with a stirrer, a dropping funnel, a thermometer, and a reflux condenser, was charged 24.68 g (0.29 
mole) of sodium bicarbonate, 125 m1 of acetone, 125 ml of benzene, and 1 ml of water, the solution was heated to 
50°, and a solution of 237 g of the above a,w-dichloropolydimethylsiloxane in 250 ml of benzene was introduced, 
with stirring, from the dropping funnel, After all of the chloride had been added, the mixture was stirred for 2 hours 
at 45-50", the precipitate was removed by filtration, and the solvent and volatile material were distilled from the 
filtrate to a kettle temperature of 200° at 4 mm Hg. There was obtained 212 g of a,w-dihydroxypolydimethy] - 


siloxane with a molecular weight of 8200 (from the terminal groups, which were determined by the method of 
Terent'ev), 


Found %: C 31.97; 32.21; H 8.09; 8.13; Si 37.61; 37.93; OH 0.43; 0.41. HO[(CHg)SiO hyo. Calculated fo: 
C 32.32; H 8.16; Si 37.80; OH 0.42. 


3. a,w-Dihydroxypolydimethylsiloxane from dimethyldiacetoxysilane, The hydrolysis of 91.5 g (0.52 mole) 
of dimethyldiacetoxysilane with 9 g (0.5 mole) of water was carried out at 50° for 2.5 hours, The acetic acid was 
distilled from the hydrolysis products to a temperature of 123° (in the vapor) at 13 mm, and 28.6 g of oligomer with 
a molecular weight of 1660 (terminal group method) was obtained, 


Found %: C 32.86; 32.98; H 8.16; 8.12; Si 35.43; 35.79; OCOCH, 7.13; 6.98. 
CH gCOO[(CHg SiO pS Calculated %: C 33,29; H 8.02; Si 35.55; OCOCH, 7.12. 


The resulting product was dissolved in 50 ml of ether and washed twice with 30 ml portions of water contain- 
ing 1% NHQH and then with distilled water, The organic layer was dried, and the solvent was distilled under 
vacuum to a vapor temperature of 72° at 13 mm, There was obtained 23.8 g of viscous a ,w-dihydroxypolydimethy1- 
siloxane with a molecular weight of 2100 (terminal group method), 


Found % C 31,84; 31.65; H 8.03; 8.12; Si 37.26; 37.73; OH 1.68; 1.56, HO[(CH3})SiO bgH. Calculated %: 
C 32,11; H 8.18; Si 37.55; OH 1.62, 


4, Polycondensation of «,w-dihydroxypolydimethylsiloxane, The condensation of 75 g of a,w-dihydroxy- 
polydimethylsiloxane, molecular weight 23,000 (viscometric) [5], was carried out at 200° in an atmosphere of pure 
nitrogen at an absolute pressure of 2-3 mm Hg, After 12 hours, a high-molecular-weight polymer with a molecular 
weight of 200,000 (viscometric) was obtained, The polymer was readily soluble in benzene and toluene, 


5. Polycondensation of a,w-dihydroxypolydimethylsiloxane with tributoxyaluminum, The solvent was distil- 
led, under vacuum, from a mixture of 23.8 g of a,w-dihydroxypolydimethylsiloxane, with a molecular weight of 
2100, and a 20% solution of 2,78 g of tributoxyaluminum (molar ratio of 1: 1), The resulting mixture was condensed 
in an atmosphere of pure nitrogen at 150° for 3 hours and then at 200° for 30 minutes under a pressure of 15 mm Hg. 


The resulting product was a rubbery material soluble in benzene and toluene, The polymer had a molecular weight 
of 30,000 (viscometric), 


Found %: C 32.77; 32.61; H 8.16; 8.23; Si 36.45; 36.61 ; Al 1.31; 1.43. [(CH3)SiO bef A MOC4Hy 0}. 
Calculated %: C 32,86; H 8.14; Si 35.87; Al 1.23. 


The polymer cross-linked slightly on standing in air with the formation of a product which was partially soluble in 
toluene, 


6. Polycondensation of «,w-dihydroxypolydimethylsiloxane with tributoxyboron was carried out by the 
method described for the preceding experiment, The reaction was carried out with 20 g of «,w-dihydroxypoly- 
methylsiloxane, with a molecular weight of 2600, and 1.77 g of tributoxyboron (molar ratio of oligomer to tributoxy- 


boron of 1:1), The resulting elastic, rubbery product was soluble in benzene and toluene and had a molecular 
weight of 34,000 (viscometric). 


| 


This polymer possessed the property of being elastically deformed when the load was applied rapidly and 
plastically deformed when the load was applied slowly, 


Found %: C 32.48; 32,16; H 8.21; 8.19; $i 37.06; 37.12. Calculated %: C 32.97; 
H 8.19; Si 36.47. 


7, Polycondensation of «a ,w-dihydroxypolydimethylsiloxane with tetrabutoxytitanium was carried out by the 
method described above, The reaction was carried out with 20 g of a,w-dihydroxypolydimethylsiloxane, with a 


molecular weight of 2600, and 2,62 g of tetrabutoxytitanium, The resulting flexible, elastic polymer had a molecular 
weight of 27,000 and was readily soluble in benzene and toluene, 


Found C 32.65; 32,91; H 8,03; 8.11; Si 34.47; 34.26; Ti 1.53; 2.17. (OCH, 0). 
Calculated %: C 33.39; H 8.19; Si 35.04; Ti 1.71. 


TABLE 1 


Aging Tensile strength, kg/sq cm_ {Relative elongation, % | Permanent set, % 


time, without Al with Al without Al with Al | without Al | with Al 
days 


Original 22.1 21.9 131 140 
1 25.8 35.5 95 95 
2 51.4 48.9 25 15 


8. Polycondensation of phenylmethyldiacetoxysilane with tributoxyaluminum, A mixture of 47.6 g (0.2 mole) 
of phenylmethyldiacetoxysilane and 49,3 g (0,2 mole) of tributoxyaluminum was heated at 180° with stirring, the 
resulting butyl acetate distilling, A total of 41 g of butyl acetate (OCOCHg found, 48,17 and 48.42; OCOCHs calcu- 
lated 50,8) collected in the receiver over a 6-hour period. The residue was a light yellow, transparent polymer, which 


was soluble in benzene, toluene, and acetone, The relative viscosity of a 10% solution of the polymer in toluene was 


Found %: C 51,42; 51.14; H 6.93; 7.02; Si 10.65; 10,38; Al 9.73; 10.45. Jn. 
Calculated %: C 52.36; H 6.79; $i 11,13; Al 10.69. 


The polydimethylsiloxane prepared in Experiment 4 and the polyaluminodimethylsiloxane prepared in Experi- 
ment 5 were compounded using the following recipe (in parts by weight): polymer, 100; U-333 silica, 40; benzoyl 
peroxide, 3; zinc oxide, 5, The mixture was milled and then vulcanized in a press for 15 minutes at 143° and a 


pressure of 35 kg/sq cm followed by 12 hours in an oven at 200°, The variations in the properties of the resulting resin 
with aging time at 250° are shown in Table 1, 
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The sintering of magnesium oxide and the influence of additives on the course of sintering has previously been 
studied [1, 2]. It should be noted, however, that both these works and the majority of other investigations of a similar 
nature were carried out with materials containing at times up to 0.5% and more of various impurities. 


Since the effect of small amounts of impurities on the properties of ceramic oxides, in particular, magnesium 
oxide, have not been specially studied, conclusions based on these investigations cannot be considered completely 
reliable, especially since on the basis of theory it would be expected that the presence of very small amounts of 
certain elements as impurities would have a considerable effect on diffusion processes and thus on the course of sinter- 
ing to form ceramics from pure oxides. The possible role of very small amounts of impurities during sintering is also 
indicated by the divergence of the data of the various authors studying sintering [3]. 


The present work was directed toward a study of the sintering of spectroscopically pure magnesium oxide and the 
effect on the course of the sintering of very small amounts of cation impurities with different crystallochemical 
characteristics, The use of spectroscopically pure magnesium oxide permitted us to study the effect of additives in the 
“pure” oxide, i.e., under conditions such that the amount of additive exceeds by far the total content of impuruties 
already present in the major oxide and at the same time is sufficiently small that complete solution of the additive 
is ensured and none remains as inert mechanical inclusions, 


TABLE 1. The Effect of Impurities on Shrinkage, AD/Dy, and Density, y , of Samples 
of Active, Spectroscopically Pure Magnesium Oxide During Firing at 1320 and 1600° 


1220° 4600° 1600° 


Impurity 


Without 
impurity 
Zrit 


- 


- 


coo ocoo 


- 


*Firing of samples containing Ni?” carried out at 1250 and 1600° 
**Samples disintegrated. 


In view of these considerations, the following cations were selected as additives : Fe*, 21, s* and Net, 
all of which have a radius close to that of Mg’”. 


Q « Q . Q 
4 ~ 4 ~ & 4 ~ 4 ~ 
22 | 2,801 28 | 3,52 
27 3,29} 29 | 3,53 
30 3,45} 30 | 3,54 
30 13,38} 31 | 3,53 
30 |3,48| 30 | 3,60 
24** | 3,55] — pin 
17 as 29 | 3,52 
28 = 29 | 3,54 
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In order to hold to a minimum the effect of the kinetics of the solution 
of the additive in the magnesium oxide and to ensure uniform distribution over 
the surface and in the bulk of the periclase grains, all additives were incor- 
porated by coprecipitation of the hydroxides from a mixture of solutions of 
magnesium chloride (20%) and the additive. The concentrations of the added 
cations in the MgO are shown in Table 1 in atom per cent— throughout this 
paper, all concentrations are in atom per cent. The precipitates resulting 
from the coprecipitation were filtered, carefully washed, dried at 110°, 
calcined in platinum crucibles at 625°, and ground, Calcination at 625° ensured 
that the magnesium oxide was obtained in an active form. The effect of calci- 
Fig. 1. Shrinkage of samples nation temperature was not specially investigated. 
of spectroscopically pure and 
chemically pure magnesium 
oxide after firing as a function 
of the amount of Fe”. 


“06 08 
0 ato? 


The samples were formed into discs with a diameter of 11 mm and a 
thickness of 1-2 mm by pressing in a steel die without binder at a pressure of 
1350 kg/sq cm. 


In order to obtain data on both the initial and the subsequent stages of 
sintering, the samples were fried twice — at 1320 and 1600°. Firing at 1320 
+10° for 1.5 hours was carried out in a Silit furnace with a temperature rise of 
about 300° per hour, Firing at 1600 +10° for 1 hour was carried out in a furnace heated by a platinum wire wound on 
a beryllium oxide cylinder; the rate of temperature rise in the final firing was about 500° per hour, During firing, 


the samples were placed on a platinum foil lining, Only samples having identical compositions were fired simulta- 
neously, 


Sintering was checked by shrinkage of the samples along the diameter and by the density, The density of 
samples with low porosity was determined by the immersion method in toluene; the measurements were made with 


an analytical balance, The dimensions of poorly sintered samples were measured, and the volume and density were 
calculated, 


As may be seen from the data of Table 1, an insignificant amount of impurity has a decisive effect on the 
course of the sintering of active magnesium oxide. All additives tested accelerated sintering, even in concentrations 
as low as 0.1%, 


Spectroscopically pure active magnesium oxide begins to sinter at a significantly higher temperature than the 
chemically pure oxide, It has previously been shown [4] that analytical grade MgO, prepared in an approximately 
similar manner, begins to sinter at 1000°, and sintering is actually complete at 1300°, Spectroscopically pure 
magnesium oxide only begins to consolidate at 1320°, When spectroscopically pure magnesium oxide was sintered 
at 1600°, a density of 3.45 g/ce was attained, and it has not been possible to obtain such consolidation of less pure 
samples even by sintering at considerably higher temperatures [4]. The usual values of y obtained by sintering active 
magnesium oxide prepared from the hydrate at 1600° lie in the range of 3.25 to 3,35 g/ce. Thus, it may be 


remarked that spectroscopically pure magnesium oxide behaves qualitatively differently from the chemically pure 
oxide during sintering. 


Fig. 2, Photomicrographs of the free surface of samples of magnesium oxide con- 
taining various amounts of zirconium cations, a) Without the addition of zircon- 
ium; b) 0.1 atom % Zr**; c) 0,4 atom % Zr** «340 x, 
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Figure 1 presents for comparison the shrinkage of samples of c.p. magnesium oxide to which Fe** cations have 
been added, The samples of c.p, magnesium oxide were prepared by the method described above with the exceptions 
that special precautions were not taken against contamination, and the samples were fired at 1400° on a mat of MgO. 


Figure 1 graphically portrays the difference in the behaviors of spectroscopically pure and chemically pure magnesium 
oxide, 


As may be seen from the data of Table 1, when 0.2% Z4* was introduced, the magnesium oxide sintered at 
1320° to almost the theoretical density; at 0.5%, a density of 3.61 g/cc was attained, which, within the limits of 
error, agrees with the theoretical value if it is assumed that the density of magnesium oxide is 3.58 g/cc and if it is 
assumed that the density changes additively with the introduction of Zr** cations into the MgO lattice. The shrinkage 
and density of samples containing 0.4 and 0,5% Zr did not change appreciably during firing at 1600°. 


A study of the microstructure of the samples showed that the practical- 
g/cm? ly complete sintering of magnesium oxide containing 0,2-0,5% Zr cations 
at 1320° was not accompanied by appreciable recrystallization of the 
magnesium oxide, nor did recrystallization occur with the introduction of the 
other impurities; the magnesium oxide grains were not visible even with 
magnification, Firing at 1600° was accompanied by considerable recrystal- 
lization, and the growth of the grains depended to a considerable extent on 
the type and amount of impurity, By way of example, Fig. 2 shows photo- 
micrographs of the surface of MgO samples without added material and with 
06 06 OR the addition of 0.1% and 0.4% after firing at 1600°. The introduction 

Fos? —- of 0.1% of zirconium cations sharply increased recrystallization of the 
magnesium oxide at 1600°; an increase in the amount of additive had no 
effect on the size of the MgO crystallites, but did lead to an appreciable 
increase in the amount of intercrystallite material. 


Fig. 3. Dependence of the den- 
sity, y , and porosity, B, of 
magnesium oxide samples on the 
amount of Fe** cations. Figure 3 shows the dependence of the density and apparent porosity of 
samples containing Fe** cations on the concentration of these cations. The 
nature of the density curves for samples fired at 1320° differs appreciably 
from the analogous curve for af. Apparently, the addition of Zr" is significantly less effective than the addition of 
Fe®* in the initial stage of sintering of the samples (at a density of less than 3.0 g/cc). This same thing applies to 
Sc** additions, However, enormously greater consolidation could be obtained by the addition of Sc** and Zr** in 
larger amounts when the samples were fired at 1600° than could be obtained by the introduction of Fe" or Ni". The 
conclusion is suggested that, having a labile 18-electron shell, the highly polarized Fe* and N@* cations have a 
areater effect on the surface diffusion of the active, very finely ground magnesium oxide, and this diffusion is predom- 
inant at the beginning of sintering; the Zr’ and Sc** cations, which have the structure of inert gas atoms, have a 


surong influence on bulk diffusion, which is most important in the later stages of sintering after the formation of closed 
pores, 


That the dependence of density and apparent porosity of the samples on the concentration of added Fe* cations 
is not monotonic and has a maximum at an Fe*’ concentration of 0,2-0.3% merits attention. A similar tendency in 
the shrinkage of samples containing Ni* is especially sharply expressed, This fact apparently means that there is a 
sharp optimum concentration of impurity which accelerates sintering; for the present type of magnesium oxide, this 
optimum concentration lies within the limits of 0.2 to 0.4 atom %, A similar phenomenon has already been noted 
during the surface activation of magnesium oxide [5]. 


In conclusion, it should be pointed out that such a sharp dependence of the course of sintering of magnesium 
oxide on impurities which are present in a concentration of 0.1 atom % or less can hardly be explained on the basis of 
the theory that sintering is by macroscopic flow [6]. It is known that impurities increase the limits of plasticity of* 
magnesium oxide [7] and also its strength, At high temperatures, this strengthening by impurities cannot be signifi- 
cant, but, nevertheless, it would be expected that the introduction of impurities into magnesium oxide would slow 
down sintering and not sharply accelerate it, as was actually observed, 


The present work has shown that zi", Fe’, sc* and Ni* impurities, even at a concentration of 0,1 atom %o, 
have a decisive effect on the course of sintering of spectroscopically pure magnesium oxide, significantly accelerating 
it. This effect is not observed when chemically pure magnesium oxide is used. Spectroscopically pure magnesium 


oxide begins to sinter at a temperature of about 1300", while sintering of chemically pure magnesium oxide is already 
concluded at this temperature [4], At 1600°, samples of spectroscopically pure magnesium oxide have a density which 
is higher than is obtained with less pure materials. The sharp effect of comparatively small amounts of added 
material on the course of sintering of spectroscopically pure magnesium oxide and the readily observed difference in 


the nature of the action of such added material illustrate the rather clear connection of the crystallochemical character- 
istics of the added cations with their relative effectiveness, 


This dependence on concentration of the effect of the addition of impurities on the sintering of magnesium 
oxide suggests the conclusion that active magnesium oxide can be considered to be actually pure only if the content 
of polarizable cation impurities with a greater charge than Mg* does not exceed 0,05-0,01%, Theoretical conclu- 


sions made on the basis of results obtained with less pure materials apparently cannot be considered to have any 
general significance, 


With the introduction of 0.2-0.5 atom % zr , it is possible to carry the sintering of quite pure magnesium oxide 
almost to the theoretical density, even at a temperature of 1320°, 
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It is known that mixed tetramines of the composition [Pt2A,2A,]X, can be prepared from the two different 
amines [Pt2A,X2] and [Pt2A_X9] by dissolving either one of the two diamines in the amine Ag or Ay corresponding to 
the other; the stearic configuration of the original amine is retained in the resulting tetramine, 


This symmetrical behavior of two diamines differing in composition in the synthesis of the same mixed 
tetramine is clearly expressed and is always observed. As a consequence, it has been used as one method for the 
identification of newly prepared diamines, As is well known, the isomerism relative to mixed tetramines of the 
composition *[Pt(NH3Dma),\Clp, originally proposed by S. M. Jorgensen [1], has been the subject of discussion and 
experimental examination in the work of L, A, Chugaev and B, P, Orelkin [2] and K, Drew and G, Wyatt[3]. The first 
of these investigators showed that the existence of similar isomers of compounds with aminoacetal could not be estab- 
lished, while the second established the identity of the two compounds prepared by S. M. Jorgensen, 


In the course of an investigation of compounds of platinum with diethanolamine, a compound of the composition** 
[Pt(NH3Dma)2] Clywas prepared; data from electrical conductivity measurements, the results of the thiourea reaction of 
N.S. Kurnakov, and the results of the A. A. Grinberg reaction with KI and phenolphthalein showed that the compound 
was undoubtedly the trans-isomer, It was decided to carry out the two reactions: 


[Pt (NH3)2 2Detm (a) 


which should obviously give the same result and thereby once again confirm the trans-structure of the diethanolamine 
derivative, It was found that while Reaction (a) proceeded quite satisfactorily and the indicated trans-tetramine could 
be isolated as the chloride and as the difficultly water-soluble chloroplatinite, it was not possible to separate the 
chloride from the solution formed by Reaction (b) by an analogous route, the chloroplatinite did not precipitate, and 
when the solution was made strongly acid with hydrochloric acid the original diamine was recovered unchanged, 


Thus, we have here established the nonequivalence of Reactions (a) and(b) , and this nonequivalence must 
obviously be connected with the properties of the diethanolamine, which can coordinate either singly (bonded through 
the nitrogen) or doubly (formation of cyclic compounds), The formation of a cyclic compound by the reaction of 
[PtDetm,Cl,] and ammonia, mentioned above, can be represented by the following scheme: 


NH sO. 
cl -CH,OH NH 
HN a 
HOH,C—H,C 


and the separation of the original diamine upon acidification with HCl can be represented thus: 


*Dma — dimethylamine. 
* *Detm — diethanolamine, 


| 


CMON 


+ 2HCI HOH,C-HLC, 


We may remark, in this connection, that in the case of the analogous compounds of platinum with glycine, ° 
{[P(G1IH}Cl,], when the reaction of the amine to the formation of a colorless solution is followed by treatment with 
hydrochloric acid for separation of the substance, both of the above reactions lead to the same result, namely (4, 5): 


[Pt (NH -+ 2GIH [Pt (GIH)s] Clo; (c) 
[Pt (GIH) Clo} + 2NHg — [Pt (NHg)2 (GIH)a] Cle. (d) 


We must emphasize that, by analogy with Reaction (b), the formation of the cyclic compound [P tGl,] would be 
expected in Reaction (d), 


Moreover, considering that the monoethanolamine trans-diamine* * [PtEtmgC]l,] behaves in this respect similar- 


ly to the glycine analog and is sharply distinct from [PtDetm,C]l,], it becomes necessary to find an explanation for 
this phenomenon which is anomalous with respect to [PtDetm,Cl,]. 


For this purpose, we first investigated the reactions of trans- [PtEtm,Cl,] with ammonia, monoethanolamine, and 
diethanolamine, which were carried out under the same conditions and over a rather wide range of concentrations, 
These reactions are of interest, since the monoethanolamine molecule contained in [PtEtm ,Clg] is, in principle, in- 


capable of forming a ring, and the reacting molecules of ammonia, monoethanolamine, and diethanolamine obviously 
possess different rates of introduction into the inner sphere of the diamine. 


The results of the reactions may be represented by the equations: 


1, + — [PtEtm, Cle. 
2. [PLEtmeCle} 4+- 2Etm —> [PtEtm,] Cle. 
3. 4- 2Detm — [Pt (Etm — 4- 2DetmHICI, 


i.e., the expected tetramine was formed in Reactions 1 and 2, while the last reaction led to the cyclic compound 


O-CH, 


On the basis of these reactions, it may be concluded that the ratio of the rate of ring formation by the mono- 
ethanolamine molecule of the [PtEtm,Cl,] to the rate of introduction of the respective reacting amine into the 
inner sphere of the diamine is such that introduction predominates in the first and second cases, while ring formation 
predominates in the third case, It may also be mentioned that these amine molecules may be arranged in the series 
Detm < NHg, Etm with respect to their rates of introduction into the inner sphere of the diamine, 


This last relationship is clearly confirmed by the reactions with the glycine trans-diamine, shown below, of 
which 1 and 2, like Reactions (c) and (d), consisted of the successive action of amine and hydrochloric acid: 


4’. [Pt (GIH)2 Cla] +- — [Pt (GIH)s (NHg)2] Cle 
2". [Pt (GIH)gCla} 2Etm — [Pt (GIH)Etmng] Clo. 
3’, [Pt (GIH)sCla] 4- 2Detin — + 2DetmHCI 


* GIH — — NHe; GI — — NH2. 
| | 
Coo 


* *Etm — monoethanolamine, 


ro 
NN cl NH 
HNU—— 
NH, 
HN 
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A comparison of the reaction described above: 


1". [Pt (GI) Cla] 4- 2NHg [Pt (GIF): Cla; 
2”, [PtDetmeCls] [Pt (Detm H)g] + 2NHyCI 


leads to the conclusion that the rate of ring formation is greater for the diethanolamine molecule than for the 
glycine molecule, 


Let us consider the reaction of KgPtCl, with excess monoethanolamine and diethanolamine in the light of the 
above concept that the result of the reaction of a diamine with free amine depends on the ratio of the rate of ring 


formation by the inner-sphere amine to the rate of introduction of the reacting amine into the inner sphere, After the 
first act of the process, 


KePICl, + Etm K [PtEtmCl -++ KCl, 


which leads to the formation of a monoamine, the subsequent course of the reaction depends only on the ratio of the 
rates and can lead to the formation of a tetramine or to a cyclic diamine according to: 


1”. K [PtEtmCl,] -}+ 8Etm [PtEtmy] Cl, 4- KCI. 

2”. K [PtDetmCl,] -+ Detm K [Pt (Detm —- H) Cl,] DetmHCl. 
K [Pt (Detm — H) Cl,} Detm — [PtDetm (Detm — H) Cl] + KCI. 
[Pt (Detin-— H) DetmCl] ++ Detm [Pt (Detm — H) -+- DetmHCl. 


That the reaction with monoethanolamine actually proceeds by the first equation is proved by the formation 
of the tetramine [PtEtm,gCl,JCl, as a result of chlorination of the solution obtained in hydrochloric acid medium. 
That the course of the reaction with diethanolamine is by the second scheme is supported by the interesting fact that 
upon simple acidification of the resulting solution in the cold with hydrochloric acid, a precipitate of the above- 
mentioned [PtDetmgC]l,] almost immediately separates, This same thing may also be shown by measuring the pH of 
the solutions KgPtCly + Etm and K,PtCl, + Detm prepared as follows: 0.5 g of KgPtCly in 5 ml of water was mixed, 
respectively, with 5 ml of a 4.7 M solution of monoethanolamine and 5 ml of a 4,25 M solution of diethanolamine ; 
after 3 days the solutions were diluted to 50 ml, and on the following day the investigation was carried out, 


At the same time, analogous operations were carried out with 4 ml of a 4,.7M solution of monoethanolamine 
(K = 3,46° 10%) and 4 ml of a 4,25 M solution of diethanolamine (K = 9.6° 10%), which correspond to the possible 
excess of amine after the formation of the tetramine, 


If the interaction between platinite and amine proceeds according to the first scheme, the pH of the solution 
should approximately correspond to the value obtained in a solution of the corresponding free amine, If the course of 
the reaction is by the second scheme, which may be summarized by the equation 


KoPtCly 4Detm — [Pt (Detm — 2DetmHCl + 2KCl, 
the pH should decrease under the influence of the DetmHC] formed, 


It was found that in the system KgPtCl4— diethanolamine, the pH was significantly lower than in a solution of 
free diethanolamine (9,87 and 11,11, respectively) and was practically the same as the theoretical value correspond- 
ing to the formation of the cyclic diamine (9.89). In the system with monoethanolamine, the corresponding values 
were considerably closer (11,0 and 11.51), and they indicate that the predominant course in this reaction is the forma- 
tion of the tetramine, Thus, introduction into the inner sphere is more characteristic of monoethanolamine, while, 
on the contrary, diethanolamine has a clearly expressed tendency toward ring formation, 


From this point of view, it is of interest to compare the results of the reaction of [Pt(NHg)Cl,] and [Pt Det Cl, ]} 
with excess ethylenediamine, taking into account that cleavage of the mixed tetramine [P{ NHg)Detm,]Cl, in a 
hydrochloric acid medium forms analytically pure [P({.NHg)pClp]. Since the interaction of{[P({ NHs)Cl,] with ethyl- 
enediamine leads to the formation of [PtEn,]Cl,, the reaction of [PtDetm,C],] with ethylenediamine would be 
expected to yield a similar result, However, the high rate of ring formation by the diethanolamine molecule hinders 
introduction of the ethylenediamine, and the reaction takes place according to the scheme 


[PtDetm,Cly] 4+- 2En > [Pt (Detm — + 2EnHCl. 


Upon acidification of the solution with hydrochloric acid, [PtDetm,Cl,] is recovered unchanged, 


— 


It is evident that triamine and tetramine can be obtained as initial products from the interaction of [PtDetm,Cl,] 
with an amine for which the rate of introduction exceeds the rate of ring formation by the diethanolamine molecule, 


Pyridine is such an amine, which is in agreement with the data of A, A, Grinberg and Yu, N, Kukushkin [6] on the 
rates of introduction of ammonia and pyridine into KgPtCk. 


In conclusion, we may point out that the ratio of the rates of ring formation and introduction is retained when 
the specific reaction conditions (pH, temperature, etc,) are maintained, 


Thus, in the well-known A, A, Grinberg configuration reaction [4] 


[Pt (NHsCl)2] + GIH excess [Pt (NHs)2 GICI] + HCI, 
[Pt (NH )gGICI] [Pt (NH,)sG1] Cl 


the process takes place in an acid medium, and the ring formation rate predominates, 


When the pH is increased, which may be accomplished by neutralization of the glycine, the ratio of the two 
rates changes, and the reaction proceeds according to the scheme 


[Pt + 2GIH + 2NaOH [Pt + 2NaCl + 2H,0, 


and the tetramine [Pt(NH3G1H),]C1, separates upon acidification of the solution with HCl. 
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The present work was devoted to a study of the addition of hydrogen chloride and acetic acid to trans,trans,trans- 
1,5,9-cyclododecatriene (I) and cis,trans,trans-1,5,9-cyclododecatriene (II), It was found that these two hydrocarbons 
hehave alike in these reactions, The addttion of acetic acid to I and II takes place in the presence of boron tri- 
fluoride etherate with the formation of monoacetoxy derivatives as the major reaction products. In the case of I, the 
addition takes place in the normal manner and yields only 1-acetoxy -trans,trans-5 ,9-cyclododecadiene: 


COCH, 
BF 
+ CH,COOH 


Two moles of hydrogen are absorbed during hydrogenation of this product with the formation of the previously known 
acetoxycyclododecane, Saponification of 1-acetoxy-5,9-cyclododecadiene with alcoholic alkali yields 1,-hydroxy: 


trans,trans-5,9-cyclododecadiene [1]. The addition of acetic acid to II resulted in a mixture of monoacetoxy deriva- 
tives which could not be separated by distillation, Analysis of this mixture by gas chromatography showed that it 
consisted of not less than four components, one of which predominated (about 50%), During quantitative hydrogen- 
ation, the mixture absorbed only 1,4 moles of hydrogen per mole of monoacetoxy derivative, which indicates that in 
addition to acetoxycyclododecadiene, there were also present in the mixture bicyclic and, perhaps, tricyclic compounds, 
This is also indicated by the higher density of the hydrogenation products as compared to the density of the known 
acetoxycyclododecadiene and also by the difference in their i.r, spectra, The infrared spectrum of the mixture of 
acetoxy derivatives showed that the compounds contained approximately one trans bond and 0.4 cis bond per molecule, 
which agrees well With the hydrogenation data, Hydrolysis of the mixture of acetoxy derivatives yielded a mixture 
of alcohols, and treatment of this mixture with phenyl isocyanate gave the phenylurethan of 1-hydroxy-trans,trans~-5 ,9- 
cyclododecadiene in a yield of about 50%, Cyclododecanol was obtained in the same yield by hydrogenation of the 
alcohol mixture, This indicates that 1-acetoxy-trans,trans-5,9-cyclododecadiene, formed by the addition of acetic 
acid to the cis double bond, accounts for all of the trans bonds which the i.r, spectrum showed to be present in the 
mixture of acetoxy derivatives, We were unable to isolate the bicyclic product, and, consequently, did not establish 
its structure, The most probable bicyclic compounds with a cis double bond which could be formed from II are 
derivatives of bicyclo-(4,0,6)-dodecane (III) and bicyclo-~(3,0,7)dodecane (IV), 


AF y+ 


OCOCH, 
(it) 


The addition of hydrogen chloride to I and II proceeded smoothly at low temperature in the presence of ferric 
chloride in methylene chloride solution, A mixture of mono- and dichloro derivatives is obtained in the case of 1; 


the ratio of these derivatives depends on the reaction time. The monochloro derivative is 1-chloro-trans,trans-5 ,9- 
cyclododecadiene, and the dichloro derivative is 1,5(or 6)-dichloro-trans-9 -cyclododecane: 


Feci, 


Two moles of hydrogen were absorbed during hydrogenation of the monochloro derivative with the formation of 
chlorocyclododecane,while one mole of hydrogen was absorbed in the hydrogenation of the dichloro derivative, and 
1, or 6)-dichlorocyclododecane was formed, The addition of hydrogen chloride to resulted in a mixture of mono- 
cyclic and bicyclic (and possibly tricyclic) monochloro derivatives, Analysis of the mixture by gas chromatography 
revealed the presence of two components (possibly more), which were present in approximately equal amounts, Dur- 
ing hydrogenation, about 1.1 moles of hydrogen per mole of monochloro derivative were absorbed, which indicates 
that bicyclic compounds were present in the mixture in addition to the chlorocyclododecadiene. 


The infrared data indicated that approximately 0.5 trans and 0.4 cis double bonds per molecule were present. 
The presence of a chlorocyclododecadiene (apparently 1-chloro-trans,trans-5 ,9-cyclododecadiene) in the mixture 
was shown as follows, When the mixture of monochloro derivatives was heated with methyl amine, hydrogen chloride 
was eliminated with the formation of a mixture of unsaturated hydrocarbons, Hydrogenation of these compounds gave 
cyclododecane and a mixture of other hydrocarbons, The amount of cyclododecane was about 30%, 


The density of the mixture of hydrocarbons after separation of the cyclododecane was higher than the density 
of cyclododecane, The i.r, spectrum of this mixture of hydrocarbons indicated the presence of bicyclic structures with 
no strained rings, Vhe structures of the bicyclic compounds have not yet been established. The addition of hydrogen 
chloride to Il took place as follows: 


compounds 


The differences observed in the addition of acetic acid and hydrogen chloride to I and II are apparently due to the 
conformations of the molecules of these hydrocarbons, The trans double bonds are probably closer in II than inI, 
which makes it possible for bicyclic structures to be formed, 


EXPERIMENTAL 


Addition of acetic acid to trans,trans,trans-1,5,9-cyclododecatriene. A solution of 50 g of trans,trans,trans- 
1,5,9-cyclododecatriene in 200 ml of glacial acetic acid containing 2,5 g of boron trifluoride etherate was heated 
for 30 hours at 100°, Distillation of the mixture yielded 20 g of 1-acetoxy-trans,trans-5 ,9-cyclododecadiene with 
a b.p. of 110-113° at 2.5 mm, nD 1.4877, #4 0.9902, 


Found %: C 75.39; 75.44; H 9.78; 9.74. CygHg02. Calculated %: C 75.67; H 9.91. 


The 1-acetoxy-trans,trans-5 ,9-cyclododecadiene was saponified with alcoholic alkali, and 1-hydroxy-trans, 
trans-5,9-cyclododecadiene was obtained; m.p. 66.5-67T (from petroleum ether), 


Found %:; C 80.11; 79.88; H 11.21; 11.06. CygHg9O2. Calculated %: C 79.98; H 11.12. 
The phenylurethan of 1-hydroxy-trans,trans-5,9-cyclododecadiene had an m.p. of 131-132°. 


Hydrogenation of 6 g of 1-hydroxy-trans,trans-5,9-cyclododecadiene in 25 ml of ethyl alcohol in the presence 
of Raney nickel gave 5,8 g of cyclododecanol with an m.p. of 79-80° (from petroleum ether), Literature value [2]: 
m.p. 80°, 


Addition of acetic acid to cis,trans,trans-1,5 »9-cyclododecatriene, A solution of 60 g of cis,trans,trans,-1,5,9- 
cyclododecatriene in 200 ml of glacial acetic acid containing 2.5 g of boron trifluoride etherate was heated for 30 
hours at 100°, The acetic acid was distilled under vacuum, and the residue was diluted with water and extracted 


with ether. The ether solution was washed with soda solution and dried over sodium sulfate. The ether was distilled, 
and the residue was distilled under vacuum, There was obtained 24,2 g of the original triene and 28,3 g of a mixture 
of monoacetoxy derivatives with a b,p. of 101-105° at 1 mm. 


Found %: C 75.47; 75.24; H 9.87; 10,00, Calculated %: C 75.67; H 9.91. 


A mixture of monoacetoxy derivatives weighing 1.0037 g was hydrogenated over 0.2 g of Pd/BaSO, in 15 ml of 
glacial acetic acid. The hydrogen absorbed amounted to 130.8 m1; two double bonds require 218.9 ml of hydrogen, 


A solution of 18 g of the monoacetoxy derivatives and 20 g of potassium hydroxide in 120 ml of ethyl alcohol 
was heated at the boiling point for 10 hours, The cooled solution was diluted with water, and the oily layer was 
extracted with ether and dried over sodium sulfate, There was obtained 11 g of a mixture of hydroxy derivatives with 
a b.p. of 107-110° at 2 mm; heating of the mixture with phenyl isocyanate gave the phenylurethan of 1-hydroxy-trans, 
trans-5,9-cyclododecadiene with an m.p. of 131-132, 


Found %: C 76.35; 76.40; H 8.48; 8.25. CygHggO,. Calculated %: C 76,35; H 8.37. 


A mixture of this phenylurethan with a known sample obtained from 1-hyd roxy -trans,trans-5 ,9-cyclododeca- 
diene showed no depression of the melting point. 


Hydrogenation of 0.4521 g of the phenylurethan was carried out in ethyl] alcohol in the presence of 0,2 g of 
Pd/BaSO,4. The phenylurethan of hydroxycyclododecane with an m.p, of 128-129° was obtained, The literature [2] 
reports an m.p. of 128-129", 


Found %: C 75.30; 75,32; H 9.60; 9.72. CygHgO2. Calculated %: C 75.25; H 9.56. 


A mixture of this phenylurethan with a known sample obtained from cyclododecanol showed no depression of the 
melting point, 


Five g of the mixture of hydroxy derivatives was hydrogenated over 4 g of Pd/BaSO, in 15 ml of ethyl alcohol, 
The product was distilled; b.r, 115-130° at 8 mm. The distillate was allowed to stand, and 2,5 g of cyclododecanol 
separated; this was filtered and recrystallized from petroleum ether, The m.p, was 79-80°, and a mixture of this 
product with a known sample of cyclododecanol showed no depression of the melting point. 


Addition of hydrogen chloride to trans,trans,trans-1,5,9-cyclododecatriene, Into a solution of 20 g of trans, 
trans,trans-1,5,9-cyclododecatriene in 150 ml of methylene chloride containing 0.5 g of anhydrous ferric chloride at 
—40° was passed a stream of dry hydrogen chloride to a weight increase of 15 g, The solution was allowed to stand at 
—60° overnight. It was then washed with water and dried over calcium chloride, There was obtained 2.4 g of 1-chloro- 
trans ,trans-5,9-cyclododecadiene; b.p, 101-103" at 1 mm, 1.5130, 1.0118, 


Found %: C 74,58; 74.76; H 9.53; 9.68; C1 17.91; 18.16. Cy,HjgCl. Calculated %: C 72,55; H 9.57; Cl 17.88. 


There was also obtained 5,7 g of 1,5or 6)-dichloro-trans-9-cyclododecene ; b.p. 113-114 at 1.5 mm, 4 1.5188, 
1.1117. 


Found %: C 61.29; 61.40; H 8.63; 8,57; Cl 29.90; 29.83, CyH»Cl,, Calculated %: C 61.45; H 8.54; 
C1 30.01. 


Two moles of hydrogen were absorbed during hydrogenation of 1-chloro-trans, trans -5,9-cyclododecadiene over 
0.3 g of Pd/BaSO, in acetic acid, One mole of hydrogen was absorbed during hydrogenation of 1,5(or 6)-dichloro- 
trans -9-cyclododecene, 


Addition of hydrogen chloride to cis,trans,trans-1,5,9-cyclododecatriene, A total of 17 g of dry hydrogen 
chloride was passed into.a solution of 40 g of cis,trans,trans-1,5,9-cyclododecatriene in 100 ml of methylene chloride 
containing 0.5 g of anhydrous ferric chloride at—40°, The mixture was allowed to stand overnight at—60°, There was 
obtained 18.9 g of a mixture of monochloro derivatives; b.p. 105-110°/2.5 mm. 


Found %: C 72.87; 72.57; H 9.61; 9.59; C1 17.39; 17.56. CygH,Cl. Calculated %: C 72,55; H 9.57; 
C1 17.88, 


Hydrogenation of 0.6263 g of the mixture of monochloro derivatives was carried out in acetic acid solution 
in the presence of 0,2 g of Pd/BaSO,, A total of 89 ml of hydrogen was absorbed; two double bonds require 155 ml 
of hydrogen, A solution of 15 g of the mixture of monochloro derivatives and 15 g of dimethylamine in 80 ml of 


ethyl alcohol was heated in an autoclave at 200° for 18 hours, The alcohol was distilled, and the residue was treated 
with a solution of HCl and extracted with ether, Distillation yielded 6.5 g of a mixture of cyclic and bicyclic pro- 
ducts; b.p. 90-94" at 10 mm. 


A 16.5 g sample of this mixture was hydrogenated in ethyl alcohol in the presence of Raney nickel. After the 
usual treatment and cooling of the hydrogenation products, 4 g of cyclododecane, m.p. 60-61°, was obtained. A mix- 
ture of this product with a known sample showed no depression of the melting point. 
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As a consequence of the great similarity in the physical and chemical properties of hydrated and anhydrous 
uranates, it is necessary to take into account the results of investigations of the crystal structure of anhydrous uranates 
[1-9] when considering the structure of hydrated uranates, However, papers have recently appeared [10, 11] in which 
the structure of hydrated uranates have been interpreted without taking into account these data. 


A uranyl group, UO2, with a U-O distance close to 1.9 A is present in all monouranate structures, In contrast 
to the majority of uranyl] salts (see, for example, [12]), in the case of uranates the oxygen of the uranyl group is bonded 
not only to uranium atoms but also to other cations, and, therefore, the length of the U-O bond in uranates is 
appreciably greater (by 0.15-0.20 A) than in uranyl salts. It is, therefore, impossible to agree with assertions (10) that 
the value 1,9 A is the most characteristic value for the uranyl group, Secondary bonds (0.15-0,20 A) are chiefly ionic 
(the strength of the bond is less than unity), The proposed [10] chain structure of polynuclear complexes is based on 
the idea that the formation of several mutually perpendicular U-O covalent bonds is possible, Cubic uranium tri- 
oxide [the only compound of U(VI) in which all bonds have the same strength, unity] is an example of compounds 
having such bonds to some extent, However, the structure of this oxide is not specific to uranium and is encountered 
in certain other trioxides, We consider that concepts of discrete polynuclear uranate ions [10] are not in agreement 
with the structures of hydrated uranates containing infinite uranyl — oxygen motifs. 


Complex fluorides in which there are more than two fluorine ions per uranyl] ion differ in structure from the 
uranates Owing to the possibility of the formation of discrete ions, for example, [UO,F,4P~. All of the known cor- 
responding complexes contain other ligands besides water and hydroxyl, Therefore, considering uranates to be hydro- 
xoaquo complexes [11] similar to the fluoride complexes is not in agreement with all of the experimental data on the 
structure of uranates and does not lead to an understanding of their structure. 


Our x-ray investigation of hydrated and certain anhydrous uranates confirms the structural similarity between 
the two groups of uranates, A large part of the monouranates is characterized by the presence of one of the three 
infinite uranyl— oxygen motifs having the composition (UO,)O, [5]. A change in the coordination number of the 
cations (associated with an increase in radius) causes either a change in the type of (UO,)02 motif or distortion of the 
symmetry of the layer, In the case of polymorphic differences in the a -> 6 transition, as a rule there is an increase 


in volume by one formula unit (V/Z), The a + 6 transition in potassium monouranate (900°) is a transition from an 
ordered to a disordered structure, 


However, uranates are known in which it is impossible to distinguish the uranyl— oxygen motif. Thus, the cubic 
modification of PbUO, can be considered to be an example of a structure with uranyl groups statistically disposed 
parallel to one of four possible directions in space (along the three-fold axes), The 8 -K,UO, lattice has a closet- 
packed cation-anion structure with the uranium atoms located in octahedral vacancies, In this case, the uranyl groups 
are statistically disposed along one of three directions in space, Potassium mesouranate having the composition KgUOs 
and the mixed uranate Nap .75C ap 2g Og 95, both of which we investigated, have similar structures, 


A defect structure of the CaUO, type with hexagonal layers having the composition (UO2)04 5 is characteristic 
of diuranates of the alkali metals. Of the other anhydrous alkali metal polyuranates, we have studied the structure 
of the potassium tri- to hexauranates, These form a phase of variable composition with a region of homogeneity from 
K,0 * 3U03 to KO *6U03. An infinite hexagonal uranyl— oxygen layer, (UO2)O02, can also be distinguished in the struc- 
ture of this phase, but, in contrast to the case of the mono- and diuranates of the alkali metals, the layers are disposed 
precisely one above the other. A part of the uranium atoms is located between the layers, apparently also in the form 


| 
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of uranyl ions, and the oxygen atoms of the uranyl group (or part of them) probably simultaneously enter into the 
composition of the basic uranyl~ oxygen motif. 


Certain divalent metal polyuranates studied in the present work have a different character. Their relationship 
to acids and a number of other chemical properties are similar to those observed in the case of the alkali metal 


uranates, Moreover, an investigation of the crystal structure of these compounds showed that they can be more cor- 
rectly looked upon as double oxides or substitutional solid solutions, 


ZNUgOy9 and MgUgO49 are double oxides, structurally close to a@-UOgs and the hexagonal modification of U3Og. 
Cadmium tri- to pentauranates, which have a region of homogeneity from CdO + 3U0g to CdO + 5UOsg, are structurally 
close to uranic uranous oxide, The SrO+1,5-1,75 UOg phase found in the strontium compounds has a distorted lattice 
of the CaF, type, probably with an ordered distribution of St and U, Similar phases were found in the system BaO— 
UOs. These phases are structurally close to UO,, Thus, either uranyl groups (alkali metal polyuranates) or the cor- 
responding -O-U-O-U-O- chains are present in polyuranates, 


Data on the phase composition of precipitated sodium uranates [13], data on the structures of uranyl] hydroxide, 
[14, 15) and hydrated barium and lead polyuranates (16, 17], and our investigation of the structure of precipitated 
sodium and potassium uranates all indicate a similarity in structure for hydrated and anhydrous uranates. 


In the anhydrous uranates, uranium exhibits coordination numbers of six and eight, and (UO, )0, octahedra are 
encountered considerably more frequently than (UO2)Og cubes in the monohydrates, In part, this is apparently assoc- 
iated with the more considerable compression of the oxygens (an O—O distance of the order of 2,5 A) in the latter 
case, On the contrary, in hydrated uranates, hydroxides, and basic uranyl salts, the oxygen, hydroxyls, and water are 
almost exclusively coordinated at the corners of a cube (compressed along the three-fold axes), This is evidently 
caused by a decrease in the O—O distance owing to the formation of hydrogen bonds, A coordination number of six 


is found only in 6 -UO,OH). Therefore, hexagonal or pseudohexagonal layers similar to those in CaUO, form the 
basic structural elements in hydrated uranates, 


The oxygen atoms in uranates (with the exception of the oxygen in uranyl groups) can be replaced by F~,OH , 
and H,O without an essential change in structure, Moreover, the charge on the UO2X,(X = O, F, OH, H,O) layer 
decreases correspondingly to the degree of replacement, and, therefore, the total charge of the ions between the layers 


decreases. In the case of complete replacement of the oxygen atoms by fluorine, a UO,F, structure is obtained, while 


a NaUOsF structure is obtained by replacement of half of the oxygen, In NaUOgF—N agU,O, solid solutions, the fluorine 
replaces still less of the oxygen, 


Complete replacement of oxygen by hydroxyl ions leads to the formation of uranyl hydroxide (water molecules 
can occupy cation sites), and partial replacement leads to hydrated uranates, Replacement of part of the hydroxyl 
ions by water molecules is accompanied by the formation of basic uranyl] salts, Moreover, both an ordered and a 
disordered arrangement of oxygen and hydroxy] in the layer and of cations and water between layers are possible; 


i.e., the formation of Berthollide and Daltonide phases is possible (superstructure lines appear on the x-ray photo- 
graphs in the latter case), 


Sodium uranate prepared at high pH had the composition Na,O* 2.3 UO, and a CaUO, structure, The lattice 
parameters of Na,O * 2.3U0g, (a = 3.97; c = 17.66)* are close to those of sodium fluorouranate, NaUOsF (a = 3.96; 
c = 17.70), Upon partial replacement of the sodium ions bythe larger water molecules, the charge of the uranyl— 
oxygen layer decreases and the distance between layers increases (a = 4.01; C = 18,11), The phase with the CaUO, 
structure can exist up to the composition NaO *4UO3. The structure of the succeeding phase, which corresponds to 
a more acid uranate with the ratio NaO: UO3< 1: 4, is characterized by less compact superposition of the layers 
than in a structure of the CaUO, type (each succeeding layer is located precisely over the previous one), This 
structure is close to that of the natural barium and lead uranates and to the structure of anhydrous potassium tri- to 
hexauranates (in contrast to the latter, all of the uranium in hydrated polyuranates enters into the composition of the 
uranyl~ oxygen layer), A subcell with(a~ 7, b~ 4 and c ~ 7) is characteristic of this phase, Precipitated potassium 
triuranate (more precisely, uranates having a composition close to that of the triuranate) has the same structure. This 
structure can be stable only with large cations (Ba, Pb, K) and water molecules disposed between the layers. 


*All lattice parameters age given in kX units. 


The homogeneity region of hydrated uranates with NajO : UOg < 1: 4 includes uranyl hydroxide and the dif- 
ficultly soluble basic nitrate. We found that precipitation of the basic uranate takes place with the addition of just 
one mole of NaOH to UO(NOg) (in 1M solutions), If UO,(NOg), and UO, are taken in the amounts calculated for 
the preparation of a 1 M solution of UO,(OH)NOg, complete solution of the UO, does not occur, and a precipitate of 
the basic nitrate is formed, The two precipitates give the same x-ray pattern, the clearest lines of which are indica- 
tive of the parameters of the subcell mentioned above(a ~ 7, b~4 and c~ 17), Thus, the structure of hydrated 
uranates, uranyl hydroxide, and basic nitrates are of the same type and are characterized by the presence of hexa- 
gonal (or pseudohexagonal) uranyl~ oxygen layers in which the oxygen can be replaced by hydroxy] and water, 


The distribution of water molecules around the uranyl ion in hydrated polyuranates is the same as in aqueous 
uranyl solutions [10] and in solid uranyl nitrate [18]. This suggests that the processes occurring during titration of a 


uranyl salt with a base consist of replacement of water molecules in the hydrate shell of the uranyl ion by hydroxy! 
and then oxygen ions according to the scheme: 


uranyl ion polynuclear complex ion 


solid basic nitrates ranyl hydrated uranates 
ydroxide 


Immediately upon precipitation of the basic salt on uranyl hydroxide replacement of ligands takes place in the solid 
phase, and the processes slow down sharply; a continuous change in the charge of the layer is possible as a conse- 
quence >f this, The resulting compounds can have a broad region of homogeneity; therefore, the composition of 
hydrated polyuranates usually does not correspond to simple stoichiometric formulas, 


Thus, from the point of view of their structure in the solid state, uranates can be divided into two groups: 1) 
true uranates in which there are present to some extent or other the corresponding structural units having composi- 
tions which depend on the composition of the uranate (M eqluo,, Melk uo, 3° Me, 


(O, OH), etc); 2) anhydrous uranates of divalent elements, which may be more correctly considered as double oxides 
or solid solutions, 
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It is well known that during hydrogenation of aromatic hydrocarbons at high temperatures and pressures in the 
presence of industrial sulfide catalysts not only hydrogenation itself takes place, but isomerization and cracking 
reactions also occur [1, 2]. The concentrations of reaction products change with an increase in contact time in a 
manner such that, to a first approximation, the process can be described by a series of successive reactions [3]: 


cracking 


However, this scheme does not reflect published views of isomerization as a dehydrogenation reaction [3], 
according to which it is cyclohexene, not cyclohexane, which undergoes isomerization, Since cyclohexane can be 
formed by stepwise hydrogenation of benzene by a doublet mechanism [5], the following scheme has been proposed 


9-0-0--0 


for the conversion [6]: 


—+ cracking 
products (2) 


which, in addition to hydrogenation (a) and isomerization (c), proposes direct formation of methylcyclopentane from 
benzene (hydroisomerization reaction, Route b). 


With the aim of confirming this proposed mechanism, experiments were carried out on the hydrogenation of 
mixtures of benzene and cyclohexane (1: 1) in which one of the components was labeled with the radioactive isotope 
c*. the hydrogenation was carried out in a two-liter autoclave at 420 +2°C and 140 atm initial pressure in the 
presence of an industrial WS, catalyst. In order to avoid complication of the process by various side reactions, the 
autoclave was heated to 420°, and was then rapidly cooled with a stream of water in a bath, For comparison, the 
operating temperature was maintained for 3 hours in Experiment 11, In order to confirm the formation of cyclohexene 
as an intermediate product, in two experiments (19 and 22) a small amount of labeled cyclohexene was added to the 
mixture by means of a special apparatus while the reaction temperature was being reached, The hydrogenation pro- 
duct was analyzed for individual hydrocarbon composition by chromatographic separation and fractional distillation in 
a column having an efficiency of 60 theoretical plates (Table 1), 


In the experiments with labeled benzene, especially at low reaction times, the specific radioactivity of the 
methylcyclopentane was significantly higher than that of the cyclohexane (Experiments 15 and 23), but it was lower 
in experiments with labeled cyclohexane (Experiments 17 and 24), This shows that a significant part of the methyl- 
cyclohexane was formed directly from the benzene without desorption from the catalyst surface, At a longer contact 


TABLE 1 


Material and Radioactivity Balances for Destructive Hydrogenation Experiments 


19 


Ove 


23 


24 


*Run time 3 hours, 
°°No catalyst used. 


Material balance, g 
Specific radioactivity, 
of original 7 
Distribution of total activity, 
% of original 
Material balance, 
Specific radioactivity, 
of original 
Distribution of total activity, 
% of original 
Material balance, § 
Specific radioactivity, 
% of original 
ey of total activity, 
of original 
Material balance, 
Specific radioactivity, 
% of original 
Distribution of total activity, 
% of origina 
Material balance, 
Specific radioactivity, 
% of original 
Distribution of total activity, 
% of original 
Material balance, 
Specific radioactivity, 
% of original 
Distribution of total activity, 
of original 
balance, 
Specific radioactivi 
of original 
Distribution of total activity, 
of original 


Denoting the mole fractions reacting by the various possible 


Charged Produced 
WILE 
| 
Ao + 
85,6) 77,9} — 3,3 | 50,7] — | 69,0} 25,2) 15,3 
100 — | — | 9842) — | 50+4) 6644) — 
100 —|— 4,0 | 24,7) — | 38,5] 18,3] 14,5 
92,0} 92,3} — {56,3 | 96,3) — | 18,2) 4,2] 12,3 
100 — | — | 98+3)19+1] — 65:14) 8541} — 
100 — | — |60,2 | 19,4) — | 11,9) 1,0) 7,8 
93,7] 93,6) — | 43,4 |110,8) — | 13,9] 2,4] 17,1 
— {100 — O |69+2] — | 54+2) — 
— |100 = 0 77,7, — 6,8] 4,4] 14,4 
92,4) 91,2] 25,2] 62,2 |125,8] — | 18,5) 3,5) — 
— — |100 31) 1741) — | 4542) 1344) — 
— 1100 | 3,6 | 82,2} — | 10,7] 4,8) 4,7 
92,2} 93,0} 25,2) 82,5 |120,2| 7,7} — 0,2 
— |100 O | 1541) 98+3} — 
— |100 0 71,2) 30,2) — — |41,4 
92,5] 92,2) — | 58,8 |101,8) — | 15,0} 2,0) 7, 
100 — | — }100+2) — | 49+2)62+2) — 
100 — | — |63,5 9,2) — 4,4, 4,21 16,7 
92,0} 91,6} — |59,0 |105,8] — | 14,8} 41,8] 2,2 
— |100 — O | 7841) — |34+1] 36+1} — 
— |100 0 90,7; — 5,5) 0,7 3,f 


time (Expt, Il), the specific radioactivities were closer together, nevertheless, more activity was transferred to the methyl 
cyclopentane than to the cyclohexane, The data of Table 1 also permit an explanation of the apparent consecutive 
nature of the process [3]. At low contact times when the concentrations of benzene and cyclohexane are about the 
same, a large part of the benzene is converted to cyclohexane (i.e., Route a Scheme (2) predominates), since a large 
part of the activity of the converted benzene is concentrated in the cyclohexane; the hydroisomerization reaction 
(Route b) takes place simultaneously, Ata longer contact time, conversion of benzene to methylcyclopentane begins 
to predominate as the benzene is consumed, and, in addition, cyclopentane begins to be formed in large amounts 
from cyclohexane (Route c), so that the specific activity levels out. 


The data from the material balances and radioactivity balances permit an approximate evaluation of the 


relationship between the intensities of the various reactions at the time when the concentrations of benzene and 
cyclohexane were about the same, 


Fal 


Products of 
fission 


courses by x, y, Z, and u, one may write: x+ y is the amount of benzene converted, x —z is the amount of newly 
formed cyclohexane, y + z—u is the amount of methylcyclopentane formed, x/ y is the ratio of the fraction of the 
radioactivity associated with cyclohexane to that associated with methylcyclopentane in the experiments with labeled 

benzene, and z is the fraction of the activity transferred to methylcyclopentane and cracking products in the experiments 
with labeled cyclohexane (Table 2), The data of Table 2 exhibit satisfactory qualitative similarity of results, and they 
confirm the scheme presented above for the process: hydrogenation proceeds most rapidly (Route a) followed by hydro- 


isomerization (Route b) and, somewhat more slowly, by isomerization (Route c), Cracking is slowest under the condi- 
tions studied. 


TABLE 2. Intensities of the Individual Reactions (g/mole) 


Expts. with labeled 


Expts. with labeled 
be cyclohexane 


nzene 


Reaction 


15 23 17 24 


Hydrogenation of benzene 

to cyclohexane (x) 0,239 0,218 0,454 0,270 
Hydroisomerization of benzene 

to methylcyclopentane (y) 0,149 0,176 0,134 0,134 
Isomerization of cyclohexafie (z) 0,106 0,047 0,082 0,067 
Cracking of methylcyclopentané(u)} 0,015 0,028 0,028 0,014 


The experiments with labeled cyclohexene support the idea that it is formed as an intermediate product. As a 
consequence of the high reactivity of cyclohexene (almost 3/4 was hydrogenated even in the absence of a catalyst — 
Experiment 22) it may be assumed that in Experiment 23 only a very small part of it was converted catalytically, but, 
nevertheless, 10.7% of the activity introduced was transferred to methylcyclopentane, Two other regularities should 
be noted: the specific activities of the liquid cracking products were always higher than those of the methylcyclopen- 
tane, which is indicative of an isotope effect, and the specific activities of the methylcyclopentane and cracking pro- 
ducts changed concurrently, while there was no such connection between the specific activities of the cyclohexane 
and cracking products. This supports the idea that direct cracking of cyclohexane without intermediate isomerization 
to methylcyclopentane is improbable; this has previously been proposed [7] on the basis of data on the composition 

of the products from hydrogenation of individual hydrocarbons, 
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We have reported in a previous paper [1] on the total synthesis of DL-estrone starting with 3-methoxy-A!>%5+& 14_ 
D-homoestrapentaenone (I) and proceeding through 8,9-dehydro-D-homoestrone methy] ether (II). 


The present article describes the synthesis of DL-isoestrone (III) starting with methoxyketone (II) according to 
the scheme: 


Py 


Cis addition of hydrogen took place in the usual manner upon hydrogenation of methoxyketone (II) in the 
presence of 30% palladium supported on strontium carbonate, and D-homo-8 -isoestrone (IV) methyl ether was formed. 
Condensation of the latter with furfural gave derivative (V), which was oxidized with hydrogen peroxide in an 
alkaline medium to dicarboxylic acid (VI). Pyrolysis of acid (VI) in the presence of lead carbonate [2] lead to DL-8- 
isoestrone methyl ether (VII), which, upon heating with pyridine hydrochloride, gave DL -8~-isoestrone (III), The melt- 
ing points of acid (VI), ketone (VII), DL-8-isoestrone (III), and its benzoate were all in agreement with the values 
reported in the literature [3], A mixture of DL-8-isoestrone methyl ether and a known sample showed no depression of 
the melting point, and the infrared spectra of the two compounds were practically identical. 
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The authors desire to acknowledge their deep appreciation to Prof. Johnson and Abrahamson of the University 
of Wisconsin who kindly compared the properties of the samples and obtained the i.r, spectra. 


EXPERIMENTAL 


The 8,9-dehydro-D-homoestrone methyl! ether (II) was prepared by the method described earlier by us [1]; this 
involved hydrogenation of ketone (I) in high-purity tetrahydrofuran at a temperature not exceeding 20° in the presence 
of freshly prepared palladium on calcium carbonate, 


Hydrogenation of ketone (II), A solution of 2.5 g of ketone (II) in 24 ml of benzene and 12 m! of absolute 
alcohol was hydrogenated in the presence of 0.6 g of 30% palladium on strontium carbonate, A total of 191 m) of 
hydrogen (21°, 755 mm) was absorbed in 7 hours, after which hydrogenation practically ceased; 205 ml of hydrogen 
is theoretically required. The solution was filtered, the solvent was distilled, and the solid residue was recrystallized 
from ethyl acetate. There was obtained 1.43 g (57%) of D-homo-8-isoestrone methyl ether (IV) with an m.p. of 
122-125°, The pure ketone melted at 128-128.5° (after two recrystallizations from ethyl acetate), and a mixture of 
this compound with the original material showed a sharp depression of the melting point (105-109). Asnax (in 
alcohol, 279 and 286 mu (log €, 3.32 and 3.29), 


Found %: C 80.7; 80,55; H 8.75; 8.8. CygHygO,. Calculated %: C 80,5; H 8.8. 


Condensation of D-homo-8-isoestrone methyl] ether (IV) with furfural, A solution of ketone (IV )) was prepared 
by heating 4,0 g of the ketone in 400 ml of methanol, and to the cooled solution was added 3 g of freshly distilled 
furfural and a solution of 18 g of NaOH in 150 ml of methano}], The mixture was stirred at 50-60° in a stream of 
nitrogen for 4 hours and was then allowed to stand overnight. The precipitated crystals were separated and washed 
with water and methanol, There was obtained 4,63 g (91%) of furfurylidine derivative (V) with an m.p. of 160-163". 
The pure compound melted at 167-167.5° (from alcohol). Amax 218 and 323 mu (loge 4.10, 4.36. 


Found %: C 79.4; 79.4; H 17.4; 7.6. CogH2gO3. Calculated %o; C 79.75; H 7.5. 


The compound was sometimes obtained in a different modification with two melting points, 140-141 and 167- 
167,5°, The second modification converted to the first upon standing for 6 months. Johnson [3] reported an m.p. of 
149-150,5° and Ajay 322 mp (log € 4,35), for compound (V). 


The benzylidene derivative was prepared in a similar manner (18 hours heating) in a yield of 66%; m.p. 170- 
170.5°; 282 mu (log € 4,33), 


Found %: C 83.8; 83.8; H 7.7; 7.8. Cg7HgoO,. Calculated %: C 83.9; H 7.8. 


Homo-8-isomarrianolic acid 3-methy] ether (VI), A solution of 1.5 g of furfurylidene derivative (V) in 250 ml 
of methanol was added to a solution of sodium methylate (prepared from 27.9 g of sodium and 400 ml of methanol), 
and this was followed immediately by the addition of 280 ml of 30% hydrogen peroxide; the temperature rose to 50°, 
The mixture was stirred at 45-55° for 8 hours, until the white precipitate disappeared, and was then evaporated under 
vacuum to one-fourth of its volume; the mixture was then diluted with water and extracted with ether, The water 
layer was acidified with 10% H,SO, and extracted five times with ether, The extract was washed with a small 
amount of water and with a solution of Mohr's salt, dried with sodium sulfate, and evaporated. Crystallization of the 
residue from benzene gave 1,09 g (77%) of acid (VI) with an m.p, of 208-211°. A pure sample melted at 212-214’, 
Johnson [3] reported an m.p. of 214-217, 


DL-8-iscestrone methyl ether (VII), A finely ground mixture of 0.45 g of acid (VI) and 0.58 g of lead carbonate 
was heated in a microdistillation flask at 280-305° and 0,06-0,09 mm for 30 minutes, The distillate crystallized on 
cooling. Recrystallization from alcohol yielded 250 mg (68%) of DL-8-isoestrone methyl ether (VII) with an m.p. 
of 150-151°, The analytical sample had an m.p. of 154-155°. Amax 278.5 and 286 mu (log € 3.31; 3.29). 
Johnson [3] reported an m.p. of 152,.5-154.5°, 


DL -8-isoestrone (III), A mixture of 200 mg of DL-8-isoestrone methyl] ether (VII) and 4 g of freshly prepared 
pyridine hydrochloride was heated at 200-210°, in a stream of nitrogen for 2 hours. The reaction product was shaken 
with 40 ml of 5% HC] and extracted with chloroform, The extract was washed with water and filtered, and the solvent 
was distilled. The residue was crystallized from methanol, There was obtained 66 mg of 8-isoestrone (III) with an 
m.p. of 251-252 (with decomposition), Johnson [3] reported an m.p. of 254-255", 


Benzoylation of 8-isoestrone (III) by the Schotten-Baumann method gave 8-isoestrone benzoate with an m.p, 
of 197-198" (from methanol), Johnson [3] reported an m.p. of 197-198", 
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THE PREPARATION OF POLYENE 


Among polyene aldehydes, B -Cyg- aldehyde (VII), 8-2! 6}, 6!-trimethylcyclohexen-1! -yl)-2,6-dimethy1-2,4,6- 
octatriene-1-al, is particularly significant, for it is a basic material in the synthesis of 8 -carotene [1]. The present 
communication describes a new method for the preparation of the 6 -Cyg aldehyde from B -Cy4 aldehyde (V) and 

y -bromotiglaldehyde acetal (IL) by the Wittig reaction, It has not been previously known that haloacetals can be 
used in this reaction, The use of the Wittig reaction with various haloacetals, which are readily obtained from 

1 -alkoxydienes, opens up a simple route for the synthesis of polyene aldehydes, 
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1-Ethoxy-2-methyl-1,3-butadiene (1) [2] was converted to y -bromotiglaldehyde diethyl acetal (II) by the 
action of bromosuccinimide and alcohol, The acetal was reacted, in ether solution, with triphenylphosphine, which 
yielded 4-(1,1-diethoxy-2-methyl-2-butenyl)triphenylphosphonium bromide (III), All of these reactions were car- 
ried out as a single operation without actual separation of the intermediate products. 


Next, 8 -Cy4 aldehyde (V) and phosphonium salt (IIL) were dissolved in methanol and treated with sodium 
methylate, This resulted in the elimination of hydrogen bromide from the phosphonium salt (IIL) and the formation 
of phosphorylene compound (IV), which reacted with the 8 -Cy4 aldehyde (V) with the formation of B-Cyg aldehyde 


ALDEHYDES 


— 


The yield was 78.5%, calculated on the B -Cy,4 
imeanali: aldehyde reacted, Hydrolysis of the 6-Cyy aldehyde (VII) 
as a mixture of two stereoisomeric forms. The 6 -Cyg 


| aldehyde as obtained had an absorption —_— band with a 
“ max (in alcohol) of 327.5 mp (€, 23500), which is 
| ply characteristic of trienals, The structure of this aldehyde 


Absorption 


N, was also confirmed by means of its i.r, absorption spectrum. 


4 Figure 1 shows the i.r. spectrum of an 8.65% solution of 


8 B-Cyg aldehyde (VII) in CCly. For comparison, the lower 
2n 


part of the figure shows the i,r, spectrum of a 9.45% CCl 
solution of B-Cyg aldehyde known on the basis of literature 
information [1] to be completely trans (m.p. 64-65°), 
1800 1500 


Absorption 


AJ The individual stereoisomeric forms were separated 
by crystallization of the 2,4-dinitrophenylhydrazones from 
alcohol. The high-melting and less soluble, completely 
Fig. 1. trans isomer had an m.p. of 199-200° and did not cause 
depression of the melting point when mixed with the 2,4- 
dinitrophenylhydrazone of a sample known to be completely trans-8 -Cyg aldehyde. Ay 4x (in isooctane) 396 mp. 


The more soluble cis isomer had an m.p. of 167-169 ; d max (in isooctane) 397 mp. Since a double bond 
having a trans configuration is usually obtained in the Wittig reaction, it is probable that the double bond in the cis 
isomer was located between the 2 and 3 positions. However, proof of this assumption requires additional investigation, 


EXPERIMENTAL 


The 6-ionone was prepared by cyclization of pseudoionone with 100% sulfuric acid in nitromethane solution 
[3]. B.p., 80° (0.07 mm); nD 1.5181, Amax (in alcohol), 222 mp (€, 6980), 296.5 mp (€,10300), 


The 6-Cy4 aldehyde was prepared from 6 -ionone by Darzen's reaction [4]. Dp 1.5095, A max (in isooctane), 
224 mp (€, 17000), 280 mp (€,600), 


4-+1,1-Diethoxy-2-methyl-2-buteny])triphenylphosphonium bromide (III), To a solution of 22.4 g of 1-ethoxy- 
2-methyl-1,3-butadiene (I) in 40 ml of anhydrous ethyl alcohol was added portionwise, with vigorous stirring, 36.5 g of 
bromosuccinimide, The reaction was carried out at a temperature of 10-15° in an atmosphere of nitrogen and re- 
quired 45 minutes, The mixture was stirred at 20° for 1.5 hours, after which the precipitated succinimide was 
separated by filtration and washed on the filter, The filtrate, which contained 4-bromo-1,1-diethoxy-2-methyl-2- 
butene (II), was added to a solution of 52.4 g of triphenylphosphine in 300 ml of dry ether, The reaction mixture was 
stirred at 20° for 10 hours and then for 4 hours at the boiling point of the ether, The resulting precipitate of 4-(1,1- 
diethoxy-2-methyl-2-buteny])triphenylphosphonium bromide (III) was separated by filtration and dried in a vacuum 


desiccator, The product weighed 71.2 g (70%), The product was used in the succeeding reaction without recrystal- 
lization, 


Found %: C 64,42; 64,28; H 5.93 ; 5.98; P 6,20; 5.87. Cy7Hg:BrO,P. Calculated % C 64.93; H 6.47; P 6.22. 
Salt (II1) melted at 244° after recrystallization from alcohol, 


Diethyl acetal of B-Cy aldehyde (VI), To a solution of 68 g of phosphonium salt (II1) and 18 g of B -Cy,4 
aldehyde in 100 ml of methanol was added, with stirring, a solution of 3 g of sodium in 80 ml of methanol; the 
addition was carried out at a temperature of 55° under a stream of nitrogen and required 15 minutes. Upon completion 
of the addition of the sodium methylate, the reaction mixture was stirred for 8 hours at 60°, The methanol was 
evaporated under vacuum, and the residue was carefully extracted with low-boiling petroleum ether, The petroleum 
ether solution was washed with water and dried with magnesium sulfate, After distillation of the petroleum ether, the 
product was distilled under vacuum. There was obtained 7,3 g of the original B -Cy,4 aldehyde, b.p. of 76-83° (0,08 


mm) and a nD 1.5085, and 14,1 g Of B-Cyg aldehyde diethyl acetal (VI) with a b.p. of 145-147 (0.08 mm); np 
1.5465. 


Found C 79.56; 79.46; H 10,83; 10.84, CygHggO,. Calculated C 79,71; H 11.05, 


—— 


B -Cyg aldehyde (VI), A mixture of 4 g of B-Cyg aldehyde diethyl acetal (VI), 15 ml of dioxane, 7 ml of 10% 
phosphoric acid, and a trace of hydroquinone was stirred under an atmosphere of nitrogen at 80-90° for 3 hours, The 
reaction product was treated with ether and water, The ether layer was separated, washed with a 5% solution of 
potassium carbonate and with water, and dried with magnesium sulfate. The ether was distilled under a slight vacuum, 
and the residue was held under an absolute pressure of 0.5 mm for an hour, There was obtained 3.07 g of undistilled 
B-Cyg aldehyde; nD 1.5838; Amax (in alcohol), 327 mp (€, 22300), Vacuum distillation of this material yielded 
B-Cyg aldehyde with a b.p. of 135-138" (0,02 mm); nD 1.5805; Amax (in alcohol), 327.5 mp (€ 23500), 


Found %; C 83.40; 83.90; H 10.45 ; 10.35, CygHggO. Calculated %: C 83.77; H 10.36, 


2,4-Dinitrophenylhydrazones of the isomeric B -Cyy aldehydes. To 0.4 g of 2,4-dinitrophenylhydrazine was 
added 2 ml of concentrated hydrochloric acid, 2 ml of water, and 10 ml of alcohol, The solution was filtered, and to 
it was added 0,3 ml of the previously prepared 6B -Cyg aldehyde dissolved in 20 ml of alcohol. After 2 hours, the 
precipitated mixture of isomeric 2,4-dinitrophenylhydrazones was separated by filtration and subjected to fractional 
crystallization from alcohol, The crystals were heated in alcohol (100-120 ml) in such a manner that the readily 
soluble cis-8-Cyg aldehyde 2,4-dinitrophenylhydrazone went into solution and the remaining, insoluble trans-6 -Cyg 
aldehyde 2,4-dinitrophenylhydrazone could be separated by rapidly filtering the hot solution, After several recrystal- 


lizations from alcohol, the isomeric 2,4-dinitrophenylhydrazones were obtained individually in approximately equal 
amounts, 


The completely trans-8 -Cyg aldehyde 2,4-dinitrophenylhydrazone (bright purple crystals) had an m.p. of 199-200°, 
a A 4x (in isooctane) of 396 mu, and did not cause depression of the melting point when mixed with a known sample 
of completely trans- B-Cyg aldehyde 2,4-dinitrophenylhydrazone, 


Found %: N 12,60; 12.32. CogHggNgO4. Calculated %: N 12,38, 


The cis- B-Cyg aldehyde 2,4-dinitrophenylhydrazone (dark brown crystals) had an m.p, of 167-169 ; — 
(in isooctane), 397 my. 


Found %o: N 12.35; 12.09. CysHggNO4y. Calculated %: N 12,38, 
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Two of us and N, A, Vol'kenau recently reported the preparation of o-carboxybenzoylferrocene by the inter- 
action of ferrocene with o-carbomethoxybenzoyl chloride in the presence of anhydrous aluminum chloride and sub- 
sequent hydrolysis of the resulting o-carbomethoxybenzoylferrocene [1], We previously assumed that the substance 
having the composition CggHag04F eg and prepared by the action of sulfuric acid on o-carboxybenzoylferrocene was the 


CO. 


ferrocene analog of anthraquinone (I) C,,1 1,Fe 1 | (1) [2], but this has been found to have a different 


structure, specifically (Il), Thus, a substance having the structure (1) must be eliminated from the list of compounds 
prepared, 


As a matter of fact, o-carboxybenzoylferrocene does undergo a series of interesting reactions under the influence 
of concentrated sulfuric acid or of acetic anhydride in the presence of catalytic amounts of sulfuric acid, even at 
room temperature, 3,3'-Diferroceny!-3,3'-diphthalide is formed according to the scheme: 
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The 3,3' -Diferrocenyl-3,3"-diphthalide was apparently formed by coupling of the intermediately formed radical 


(III): 
ff 
co 


This is not the first instance of the conversion, in acid medium, of a-hydroxy] derivatives of ferrocene (with the 
hydroxyl in the chain) to a radical with subsequent coupling of the radicals, The condensation of aldehydes with 


ferrocene takes place in a similar manner in acid medium [3-6]. Apparently all such conversions can be represented 
by the scheme: 


| 


3,3'-Diferroceny]-3,3'-diphthalide is a light yellow powder which does not have a sharp melting point and which 
darkens when heated above 250° in a sealed capillary, It is readily soluble in ether and difficultly soluble in benzene 
and alcohol, It can be recrystallized from benzene, The molecular weight is 645 (ebullioscopic, in benzene). 


In order to clarify the structure of 3,3" -diferroceny1-3,3" -diphthalide, the compound was hydrolyzed by heating 
with a concentrated aqueous solution of KOH, The reaction proceeds not only with rupture of the lactone ring, but 
also with cleavage of the diphthalide C-C bond according to the scheme: 


360 
| Gotta COOH 
=O 


Both 3-ferrocenylphthalide (m.p, 137) and o-carboxybenzoylferrocene (m.p. 186°) were found in equimolar 
amounts among the reaction products, the total yield of which was 60%, In addition, extensive decomposition of the 
molecule took place with disruption of the ferrocene system. Ionic iron was definitely found in the aqueous solution, 


An interesting decomposition of 3,3" -differroceny1l-3,3" -diphthalide takes place when the compound is heated 
with metallic sodium in alcohol, The major reaction products in this case are also 3-ferrocenylphthalide (IV) (37% 
yield) and o-carboxybenzoylferrocene with an m.p. of 174° (in a yield of about 30% of theoretical), 3-Ferrocenyl- 
phthalide was also prepared by an alternate route — Clemmenson reduction of o-carboxybenzoylferrocene, In addition 
to the usual reduction product — o-carboxybenzylferrocene (m.p. 174°) [2]— a small amount of 3-ferrocenylphthalide 


was also obtained (See table), 


The 3-ferrocenylphthalides obtained by the three different routes were identified by mixed melting point and 
by ist. spectroscopy; there were characterized in the form of the 2,4-dinitrophenylhydrazones, The molecular weight 


was 320 (cryoscopic, in benzene), 
Other conversions of o-carboxybenzoylferrocene indicating the presence of ring- chain tautomerism similar 
to the tautomerism in o-benzoylbenzoic acid may be represented by the scheme: 


‘ | (CH,CO),O 
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Derivatives of 3-Ferroceny!phthalide 


Analysis, % 


Recrystal- 
lization 
~. | solvent 


Derivative 


63,48 
OCOCH, 63°35 281 05 Heptane 


65,5) 15,69) 
-OCH, 15,89 Methanol 


almost 80 15,15 
- OCH; quant.| 148 ‘ 66.10 5, 15.06 Ethanol 


**M.,p. of dinitrophenylhydrazone, 187 (from a 1: 1 mixture of benzene and petroleum 
ether). 


o-Carboxybenzoylferrocene was obtained by hydrolysis of acetate (V) with water, 15% HCl, and 20% KOH. 


The acetoxy group of 3-acetyl-3-ferrocenylphthalide (V) is characterized by lability, Replacement of a 
methoxy or an ethoxy group takes place merely on prolonged standing in solution in the corresponding alcohol at 
room temperature or by recrystallization from the alcohol, 


Under the influence of H,SO,g or when heated somewhat above 100°, 3-alkoxy- and 3-acetoxy-3-ferrocenyl- 
phthalides (V), (VI), and (VII), are converted to 3,3" -diferroceny1-3 ,3" -diphthalide (II) (85% yield) 


The i.r. spectra of 3-ferrocenylphthalide derivatives (I1)—(VII) contained frequencies corresponding to an 
unsubstituted ferrocene ring at 1000 and 1105 cm™ and a very intense band in the region of 1760 cm+ (Cc =O 
valence vibrations of y -lactones), 


The i,t. spectrum of the phthalide (m.p., 73°) synthesized for comparison had a frequency of 1760 cm”, The 
i.t, spectrum of the original o-carboxybenzoylferrocene had frequencies in the 1652 and 1680 cm™ regions. 
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Original article submitted February 12, 1961 


With the aim of studying the relationship between structure and odor, Rothstein, in 1935, carried out the 
synthesis of a series of homologous a -alkyl-y -butyrolactones according to 


2) CH,—CH, 


R COOCH; 


2) HCl 


He established that these lactones have an agreeable odor and are valuable in perfumery provided that R (a 
straight-chain aliphatic radical) was in the Cg—Cy, range. For a similar reason, Braun [2] carried out an investiga - 

tion using a similar method of synthesis, Braun prepared a series of a-alkyl-y -valerolactones using allyl bromide in 
place of ethylene oxide in the above scheme, Of the compounds prepared by Braun, a-hexyl-y -valerolactone had 

the strongest odor; the intensity of the odor decreased with an increase or decrease in the number of carbon atoms in 
the alkyl radical. There is an indication that 6-lactones also possess an agreeable odor [3]. However, the prepara- 

tion of these lactones is attended by a number of difficulties, one of the chief of which is the two-step malonic ester 
synthesis. 


We have previously established that carboxylic acids are capable of adding to a-olefins when the reaction is 
initiated by tertbutyl peroxide [4]. The yield of the resulting dialkylacetic acids (1: 1 adducts) was 60-70% at a 
reaction temperature of 140-160° and a ratio of acid to olefin to peroxide of 10: 1: 0.25. 


In the present communication, we report the results of a study of the addition of acids and their methyl esters to 
vinyl and allyl esters of acetic and formic acids and also the results of the synthesis of the y - and 6-lactones cor- 
responding to the esters of the a-alkyl-y - and - 6-hydroxyacids obtained. Synthesis of the a-alkyl-y -butyro- 
lactones was carried out according to 


R 


CHaCOOCHLCHs CH) COOH 


CH,COOCH 


CHy-}-R 


2) HCI 


Similarly, substitution of allyl acetate for vinyl acetate gave a-alkyl- 6-valerolactones, The experimental 
conditions used in the addition reactions, the amounts of the components and peroxides, and the yields of the 1: 1 
adducts are presented in Table 1, The properties of the adducts are given in Table 3, and the properties of the 
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TABLE 1. Free Radical Addition Reactions 


Reactants Amount taken 


for reaction of bo 
A Peroxide |Temp. 3 
| = 
g Imoled g Imote4 g moles 


! | 
1} CH, -CHOCOCH, 5 43 9,5 18,3] 160) 5 | 42.5 45 
2) C,H,COOH CH, CHOCOCH, 576 4 17,2] 0,2 | 7,5)0,05 | | 2% 
,COOCTI, | CH, CHOCOCH, 288 2 16,2] 0,2 | 7,3)0,05 | 158-160] 5 [47 | 37 
4) CU,COOH CH, -CH-CH,OCOCH, | 306 3 30 0.3 | 0.075 | 157-164) 5 | 28,5] 47 22 
5} C;H,.COOH tH, CH--CH,OCOCH, | 720 5 25 0,25 | 9,2) 0,063 | 159-163] 5,5) 28 | 46]19 
ColleCOOCH, | CH, CH—CH,OCHO | 372 2 17,2] 0,2 |7 ,3)0,05 | 155-157] 5 | 20 | 37/28 


TABLE 2, y- and 6-Lactones 


Elemental 
| | composition 


B. pss °C 20 
(mm Hg) 


found, calc., 


Lactone 


calc. 
| 


CHG 108 (15) 10016), 9,42|65,59] 9,44 
65,21] 9,64 


0,956 1) 1, 4490): 48,23)69,66 


69,86 


10,55 
10,53 


69,64|10,66 


| 
| | 

CH. CH. 184) 87—88 (1) 
‘ | 
| 


68,91/10,25 


67,74}10,17 


108 (1) 


CM. | | | 


CH, CH, CH, 
O- 


*B.p. 107 (15 mm); 1.0021, nD 1.4410; mint odor [1]. 
**B.p. 146° (16 mm); 0.9551, nD 1.4480; odor of apricots and amber [1]. 


lactones are shown in Table 2, A comparison of the results of Experiments 1-6 with those of experiments on the 
addition of carboxylic acids (or their methyl] esters) to a-olefins provides a basis for the conclusion that under 


standard conditions, aliphatic monobasic acids form 1: 1 adducts with unsaturated esters with yields which are less 
by 10-20% than in the case of «-olefins. 


In addition, there was a significant increase in the amount of high-boiling products resulting from polymeriza- 
tion and telomerization of the unsaturated esters. An increase in the ratio of acid to vinyl (or allyl) acetate from 
10: 1 (Experiments 1 and 4) to 20: 1 (Experiments 2 and 5) had almost no effect on the yield of 1: 1 adducts, and a 
very small decrease in yield was observed when the acids were replaced by their methyl esters (Experiments 3 and 6), 
Lactonization of the esters of the y - and 6-hydroxy acids was carried out in the usual manner, Calculation of the 


molar refractions of the lactones from the bond increments [5] revealed exaltation (AMR), the average value of 
which was +0.5, 
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TABLE 3. Esters of Hydroxyacids 


Calculated. 


Mol. wt. 


1:1 Adduct 


1O7—109 (0,5) 


188,23 


190.0 


CH.COCCH.CH,CH- COOH 


CH,COOCH,CH.CH— 


39 


) 
=» 


60,96 | 61,21 . 6: 


1 4458 


1.9070 


139 (0 


250,31 13 


COOH 


1.04038 


145 0-5) 


OOCH,CH,CH,CH-— COOH 


0,96. 


| HCOOCH,CH,CH,CH—COOCH, 


| 


111—113 (0,5) 


*The molecular weights were determined from the ester numbers. 


Preparation of y - and 6-acetoxycarboxylic acids 
and their methy! esters (Experiments 1-6), The experi- 
mental conditions and amounts of reagents are shown in 
Table 1; the experimental method was the same in all 
cases, 


About 2/3 of the calculated amount of acid Compo- 
nent A), or of the methyl ester in Experiments 2 and 6, 
was placed in a four-neck flask fitted with a thermometer, 
a stirrer, a reflux condenser, and a calibrated dropping 
funnel, Then, a solution of tert-butyl peroxide and the 
unsaturated ester (Component B) in the remaining approxi- 
mately 1/3 of the acid was added dropwise and uniformly 
to the acid while it was being heated to the required tem- 
perature, The time of addition of the solution is shown in 
Table 1. When the addition was complete, the reaction 
mixture was heated fro about an additional hour at the same 
temperature, and the peroxide decomposition products and 
excess acid (or methyl ester of the acid) were then distil- 
led. The y- and 4-acetoxycarboxylic acids and their 
methyl] esters — the 1: 1 adducts — were separated from the 
high-boiling reaction products by fractional distillation, 
The amounts of material boiling higher than the 1: 1 ad- 
ducts are indicated in Table 1, These residues were oily, 
very viscous liquids. 


Preparation of a- alkyl-y- and 6 -lactones (Experi- 
ments 7-12), A weighed sample (15-30 g) of the y- (or 
5-)acetoxycarboxylic acid or the methyl ester was refluxed 
for 4-6 hours with a 5-7 fold molar excess of a 25% aqueous 
solution of NaOH, Concentrated HC1 was then added to the 
reaction mixture until the reaction medium was strongly 
acid, and the mixture was refluxed for approximately 30 
minutes in Experiments 7-9 and for an additional 4 hours 
in Experiments 10-12, The organic layer was separated 
from the aqueous layer, the aqueous layer was extracted 
with ether, and the organic layer and the ether extract of 
the aqueous layer were combined and dried over NaSO,, 
in Experiments 7 and 8, and by azeotropic distillation 
with benzene, in the remaining experiments, After distil- 
lation of the ether and benzene, the residue was distilled 
under vacuum, In the experiments with the 6 -hydroxy- 
acids, formation of polycondensation products took place 
in addition to formation of lactones; however, during the 
heating required by the distillation (the boiling range was 
broad), the polymer slowly decomposed with the liberation 
of the d-lactone, The unreacted hydroxyacid also distil - 
led during the process; this was washed with a 10% soda 
solution, and the resulting a-alkyl- 6-lactone was again 
distilled , The yields of lactones are shown in Table 3, 
Judging from the titration results, the 6-lactones were con- 
taminated by small amounts (about 3%) of acid. 
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MONOCITRATE COMPLEXES OF THE RARE EARTH ELEMENTS 
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(Presented by Academician A. P, Vinogradov, December 28, 1960) 


Translated from Doklady Akademii Nauk SSSR, Vol, 138, No, 2, pp. 397-398, May-June, 1961 
Original article submitted December 15, 1961 


The study of the interaction of alkali metal citrates with salts of the rare earth elements reported in reference 
[1] was the first investigation showing these citrates to be vigorous complex formers. Reaction does occur between 
equimolar amounts of the reactants, and a very stable complex is formed at a ratio of metal to citrate of 1: 2. 


MeXa ! K, [Me (CoH50;)2] | 
where Me = La~Lu and X = Cl”, NOg , etc. 


It has been established [2] that the coordination bond between a rare earth element and a ligand is chiefly 
through an oxygen or tertiary nitrogen atom, and the metal has a coordination number of six. 


Through the use of a series of precipitants, PO{~ > F7 > C,0;- > OH™ >[Fe(CN}}*” it was possible to show 
that the ability of this group of rare earth elements to form complexes with any of the ligands studied increases 
with the decrease in ionic radius from lanthanum to lutecium. The stability of complex compounds of the rare earth 
elements depends to a great extent on the pH of the medium, and, as a rule, it decreases with an increase in acidity. 
However, there has been no earlier detailed study of the products of the interaction between rare earth elements and 


alkali metal citrates at a lower metal-to-citrate ratio than 1: 1, since the initially formed precipitate is considered 
to be an ordinary citrate, 


In a subsequent, more detailed study of the precipitate which separates at a metal-to-citrate ratio of 1:1, it 
was shown that a complex compound is formed in this case also, An aqueous solution of the precipitate gave a 
negative test for rare earth element ion with K4gFe(CN} — a precipitate appeared only after acidification of the solu- 
tion, It is very characteristic that a general tendency toward an increase in complex stability was observed among 
these rare earth elements. Thus, for example, the reaction with potassium ferrocyanide was negative for ali the rare 


earth elements; precipitation by oxalate occurred with lanthanum, neodynium, and gadolinium, while no precipitate 
was formed in the case of yttrium and erbium. 


Particular attention is merited by the fact that the addition of sodium hydroxide leads to solution of the 
complex, though a base is one of the best precipitants of rare earth elements, In spite of the fact that the addition of 
1 mole of NaOH increased the pH of the solution to 9, the stability of the complex was appreciably increased; not 


only did potassium ferrocyanide fail to precipitate lanthanum ion from this more basic solution, even such strong 
precipitants as sodium fluoride also failed, 


The analytical data showed that the precipitate formed at a metal-to-citrate ratio of 1: 1 has, in the case of 
lanthanum, the composition [LaCgH,07*3H,O]. The data for this compound were: 


Found %: La 36.3. H,O 12.2. Calculated %: La 36; H,O 14,1. 


This compound can be considered to be a nonelectrolyte in which the six-coordination of the lanthanum is 
satisfied by the citrate group and the three water molecules, The compound changes into an electrolyte in aqueous 
solution, and the metal is present in the anion, This is persuasively shown by the qualitative transfer of the metal 
into the anolyte. The experiments were carried out in the presence of the radioactive europium isotopes E!®? and £4 

This circumstance suggests that during solution of the substance, dissociation of one molecule of inner-sphere 
water takes place with the formation of an electrolyte in accordance with the reaction: 


During solution of the lanthanum triaquocitrate complex in one mole of sodium hydroxide, dissociation of one 


molecule of inner-sphere water obviously proceeds to completion with the formation of the sodium salt of the complex 
lanthanum compound in accordance with the reaction: 


According to the analytical data, the precipitate which separates from a basic alcohol solution closely approaches 
the formula 


Formula %: La 36.8; H,O 13.9. Calculated %; La 34.4; H,O 13,1. 


Determination of the sodium was carried out by an indirect method employing the radioactive isotope Na™, 
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HYDROGENATION OF UNSATURATED COMPOUNDS 
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Catalytic hydrogenation is usually carried out at constant hydrogen pressure and with a continuously changing 
concentration of the unsaturated compound in the solution, If the latter is readily adsorbed on the surface of the 
catalyst, the reaction rate remains constant over the course of a given period of time. In the present work, the con- 
centration of unsaturated compound was maintained low but, on the average, constant, which meant that the hydrogen- 
ation rate was constant over the course of the entire experiment. 


EXPERIMENTAL 


) Sodium maleate and sodium o-nitrophenolate served as the 

+ hydrogenatable compounds, These compounds usually hydrogenate with 
a shift of the catalyst potential of 120-130 mv and 250-270 mv, respect- 
ively, on the anode side [1]. The first series of experiments with these 
substances was carried out in 0.1 N, 1.0 N, and 5.0 N NaOH at 20, 40, 
and 60°, The hydrogenation apparatus has been described previously 

id [2]. The unsaturated compound was uniformly fed to the cell from a 
specially constructed buret, which had been used earlier by N. M. 

ae° Popova [3]. The buret (Fig. 1) comprised a graduated cylinder (1) with 
a side arm (2) sealed to it; the latter was connected through a two-way 
stopcock and thin tube to a capillary (3), through which the hydrogen- 
atable material was fed to the cell. Mercury served as the seal liquid. 
The leveling bulb was connected to a cylinder by means of a thread, 
and the cylinder was fixed to the shaft of a Warren motor. When the 
motor was switched on, the thread wound around the cylinder and there- 
by uniformly raised the leveling bulb, The mercury forced the solution 
through the capillary into the cell. The rate of addition of the solution 
was 0.25 ml/minute in all experiments. The concentration of unsatura- 
ted compound in the solution was varied, 


The skeletal nickel catalyst was prepared by leaching 1 g of a 
30% Ni-Al alloy with 80 ml of 20% NaOH for 2 hours on a boiling 


Fig. 1. Buret for uniformly feeding the water bath. The catalyst potential was measured relative to a saturated 
substance to be hydrogenated into the calomel electrode by means of a P 2/1 type semiautomatic potentio- 
reaction vessel. meter, The duration of addition of unsaturated compound to the catalytic 


cell was 30 minutes in all experiments. Upon completion of the addition, 
the catalyst was shaken until the saturation potential was recovered. 


Figure 2 shows the dependence of reaction rate and of potential shift on time for the 0.1 N NaOH solution at 20°, 
The sodium maleate feed rate was varied in these experiments from 0.002 to 0.09 g per minute (i.e., from 0.3 to 
1,25 ml 4g per minute), It is apparent from an examination of Fig, 2 that hydrogenation of the sodium maleate 
proceeded at a constant rate for a given sodium maleate concentration; the rate increased from 1 to 7.4 ml Hg per 
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Fig. 2. Hydrogenation of sodium maleate 
and sodium o-nitrophenolate over skeletal 
nickel in 0,1 N NaOH at 20°, Broken line — 
sodium maleate; solid line — sodium o-nitro- 
phenolate, 1°) 0.0075 g/minute sodium 
maleate (1,0 ml Hg per minute); 2") 0,05 
g/minute sodium maleate (7.0 ml Hg per 
minute); 3°) 0.06 g/minute sodium maleate 
(8.4 ml Hg per minute); 4°) 0,07 g/minute 
sodium maleate (9.8 ml Hy per minute); 1) 
0.0012 g/minute sodium o-nitrophenolate 
(0.5 ml Hy per minute); 2) 0.020 g/minute 
sodium o-nitrophenolate (8.3 ml Hg per 
minute); 4) 0.03 g/minute sodium o-nitro- 
phenolate (12,6 ml Hz per minute). 


ml/min 
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Fig. 3. Relationship between reaction rate 

and potential shift at various temperatures in 

0.1 N NaOH. Broken lines — sodium maleate; 

solid lines — sodium o-nitrophenolate. 


minute with an increase in the amount of sodium maleate in the 
solution, The maximum rate of hydrogen absorption during hydro- 
genation of sodium maleate in 0,1 N NaOH at 20° was reached at 
a feed rate of 0.053 g of the salt per minute. This is the optimum 
concentration of the substance in the solution under these condi- 
tions. The rate of hydrogen absorption did not increase with a 
further increase in the content of unsaturated compound. Un- 
reacted material began to accumulate in the catalytic cell. The 
catalyst potential remained constant over the course of the entire 
experiment, once equilibrium had been established in the system. 
The shift from the original saturation potential was greater, the 
greater the concentration of unsaturated compound, and the shift 
increased from 13 to 120 mv. 


Figure 3 shows the relationship between the rate of hydrogen 
absorption and the potential shift. It is apparent from an examin- 
ation of Fig. 3 that the maximum rate of hydrogenation increased 
from 7.4 to 12 ml Hg per minute with a change in temperature 
from 20 to 60°, and it depends on the degree of surface coverage 
by the hydrogenatable substance, The rate increased with an 
increase in AE, but only to a definite limit. The maximum rate 
was attained at AE = 100 mv at all temperatures, 


With a change from 0,1 N to 5.0 NaOH, there was a decrease 
in hydrogenation rate. Moreover, the higher the concentration of 
the base, the deeper was the potential shift. The maximum poten- 
tial shift was the same in all media (120-130 mv), and it did not 
depend on the amount of unreacted substance in the reaction 
vessel, 


Similar regularities were observed during hydrogenation of 
sodium o-nitrophenolate, The rate of addition of sodium o-nitro- 
phenolate was varied from 0.0007 to 0.035 g per minute (i.e., 
from 0,3 to 14.6 ml Hz per minute), Hydrogenation of sodium 
o-nitrophenolate in 0.1 N NaOH at 20° is represented in Fig. 2. 
Absorption of hydrogen proceeded at a constant rate for a given 
sodium o-nitrophenolate concentration, and it increased from 0.4 
to 10.5 ml Hz per minute as the concentration was changed, The 
maximum rate of hydrogenation of the salt in 0,1 N NaOH at 20° 
was reached at a feed rate of 0.025 g/minute. The potential 
remained constant during the experiment. The shift from satura- 
tion potential increased from 70 to 250 mv. Moreover, from the 
potential curves it is possible to estimate immediately the state 
of the catalyst surface during the experiment (Curve 4), The rate 
was constant, but the potential shift increased (a decrease in 
reaction rate can be observed if the length of the experiment is 
increased), 


Figure 3 shows that with an increase in the temperature of 
the experiment from 20 to 60°, the maximum hydrogenation rate 
increased to 15 ml Hz per minute, and it reached a maximum at 
a specific surface coverage (at AE = 110 mv) at all temperatures 
The further shift in potential indicates adsorption of the unsatura- 
ted compound not taking part in the reaction, 


Thus, slow and uniform feeding of the unsaturated material permits fixing the limits of Eyeg, and Eads, and 


makes it possible to determine the optimum concentration of unsaturated substances in the solution — the concentration 
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at which the rate of hydrogen uptake is equal to the rate at which it is restored to the surface of the catalyst. This 
new method of hydrogenation permits determination of the rate of activation of hydrogen in different media and at 
different temperatures, 


LITERATURE CITED 


K.K, Dzhardamalieva and D, V. Sokol'skiia, Tr. Inst, khim, nauk 2, 94 (1958). 
D. V. Sokol'skii and V. A, Druz’, DAN 73, 949 (1950). 
N. M. Popova, Tr. Inst. khim, nauk 2, 77 (1958), 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


1, 
2 
3. 
506 


APPLICATION OF THIN LAYER CHROMATOGRAPHY TO 
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A new chromatographic micromethod, plate or thin layer chromatography, has recently been developed. This 
method has found application chiefly in investigations of natural products, and has also been used in organic synthesis, 


The essence of the method is as follows: A thin layer of the adsorbent (usually silica gel) together with a binder 
(starch or gypsum) and water is applied to a small glass plate, and the adsorbent is activated by heating [1]. Through 
the use of these plates with the appropriate solvents it is possible to separate rapidly (30-90 minutes) small amounts of 
substances (5-100 y ) and todevelop them by methods similar to those employed in paper chromatography, The 
rapidity of this method, which eliminates the effect of the adsorbent on the substance, it convenience, and its simpli- 
city attracted our attention, and we have used it for the identification of steroid compounds, 


The first mention of the possibility of applying thin layer chromatography to the investigation of steroid com- 
pounds is to be found in papers by Stahl [2]; it has since been used for the separation of weakly polar steroids [3], 
chiefly etianic esters, for identification and separation of certain estrogens [4], and, finally, for the separation of 
cholesterol and its esters, cholestenediols, and certain steroid hydroxyketones, 


We have investigated a number of steroid compounds which are intermediate products in the synthesis of 
analogs of corticosteroids, The experiments were carried out on silica gel-gypsum plates, Cyclohexane-ethyl 
acetate mixtures of different ratios were used as solvents, Localization of spots of steroid compounds on paper 
chromatograms by spraying with concentrated sulfuric acid is well known [6]. However, up to the present this method 
has not been used for the development of plate chromatograms, The use of concentrated sulfuric acid as a developer 
proved to be convenient in the present work, In almost all cases, the spots obtained were colored in daylight and 
fluoresced under ultraviolet light. In addition, in a number of cases development was carried out with solutions of 
SbCl;, 2,4-dinitrophenylhydrazine (for conjugated ketones), and phosphomolybdic acid (for nonconjugated ketones). 
The Rg values varied within the limits + 0,05, The results obtained in this investigation are shown in Table 1. Several 


examples of the separation of mixtures of steroid compounds by means of thin layer chromatography were investigated 
in the present work, and these are described below. 


Mixtures of epimers of acetoxydehydroepiandrosterone a- and 8 -5,6-oxides (Fig. 1a) and of acetoxyethyl- 
nylandrostanediol a- and &5,6-oxides (Fig. 1b) were separated on silica gel-gypsum plates, 


Thin layer chromatography was also used for the determination of the composition of the mixture of products 
obtained from the mother liquor remaining after recrystallization of the final product (III) of the reaction (Fig, 2a) 


OAc 


HOBr 


(II) 
OAc 


<COCHBr: 
Bry 
bu (IN) 


| 
Ho 


Compound Cyclohexane- Rr Development with 
ethyl acetate H2SO, SbCl, 
dl 


Dehydroepiandrosterone : 0.28 + 0.03 + 
Acetoxydehydroepiandrosterone : 0.59 + 0.02 
a -Ethyny1-A° -androstene-38 0.35 + 0,02 + 
17 B -diol 
3-Acetoxy-17 a-ethynyl- 0.55 
androstene-38, 178 -diol 
3,17-Diacetoxy-17 a-ethynyl- : 0.75 + 0.7 
AS -androstene-38, 178 -diol 
3,17-Diacetoxy-5,21,21-tri- : 0.27 + 0.03 +b 
bromopregnane-38,6,17 B - weak 
triol 
Acetoxyepiandrosterone 5a, 6a- 3 0.34 +3 
oxide : 0.66 + 0.03 heated 
Acetoxyepiandrosterone 58, 68 - : 0.38 +3 
oxide : 0.59 40,03 heated 
3-Acetoxy-17 a-ethynylandro- : 0.80 + 0.01 +r 
stene-38, 178 -diol 5a, 6a- 
oxide 
3-Acetoxy-17 a-ethynylandro- : 0.69 + 0.01 
stene-38, 178-diol 58, 
6B -oxide 
11 Cortisone 
12 17 a-Acetoxypregnine 


0.78 

0.51 

0.86 

0.39 
0.75 + 0.05 

0.35 
0.68 + 0,03 

0.34 
0.65 + 0.03 
Notes: dl) daylight; u.v.) ultraviolet light. Color: r) rose; v) violet; b) blue; + sign, developed; — sign, did not 
develop. Compounds 17, 8, and 12 were also developed with phosphomolybdic acid, and compounds 12-15 were also 
developed with 2,4-dinitrophenylhydrazine, 


13 17-A cetoxy-21,21 -dibromo-A4 
pregnen-178 -ol-3,20-dione 
14 17-A cetoxy-4*-pregnen-3,20- 
dione 

15 A‘-Androsten-3,17-dione 
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and also for the separation of a synthetic mixture of the substances formed in the three steps of the synthesis (Fig. 2b). 


It may be seen from Fig, 2a that the mixture of products obtained from the mother liquor consisted of tri- 
bromide III (blue spot) and some unknown product, possibly the dibromide (blue spot), and it did not contain the 
starting materials of the two preceding steps, I and II (rose spot), 


We were unable to develop 17-acetoxy-21,21-dibromo- 4-pregnen-17 B-ol-3,20-dione, 17-acetoxy- 
pregnene-3,20-dione, and A‘ -androstene-3,17-dione (Table 1, Nos, 13-15) with concentrated H,SO,4, nor were we 
able to separate a mixture of these compounds with either the 2: 1 or the 2: 3 cyclohexane-ethyl acetate mixtures. 
They were developed with a solution of 2,4-dinitrophenylhydrazine, 


KSK grade ground silica gel (195-200 mesh) and 11 X 17,5 X 2-cm glass plates were used in the preparation 
of the chromatographic plates; medical gypsum served as the binder. A mixture of 6.9 g of silica gel and 0.35 g 
of gypsum was agitated in 18 ml of distilled water. The resulting thick, homogeneous mass was poured onto the glass 
plates and leveled over the surface by means of a spatula and shaking, The plate was allowed to stand for 20 minutes 
on a horizontal surface, dried somewhat (20 minutes), and activated in a drying cabinet at 105-110° for 1 hour. The 
plate was then cooled and stored in a desiccator over “blue gel" (silica gel impregnated with cobalt salts), 


TABLE 1 
Expt. 
No. 
+ 
4 
508 
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Fig. 1. a) Cyclohexane-ethyl acetate solvent 


Fig. 2. a) Silica gel-gypsum plate; 2:1 


(1: 1); time, 1 hour 15 minutes; development cyclohexane-ethyl acetate solvent; time 1 
with concentrated sulfuric or phosphomolybdic hour 20 minutes; development with concen- 
acid, 1) Acetoxyepiandrosterone 5a, 6a- trated sulfuric acid and irradiation with u.v. 
oxide, Rp = 0.69 (Table 1, No, 7); 2) acetoxy- I) 29 a-ethynyl-A5 -androstene-38 , 17B- 
epiandrosterone 58, 68 -oxide, Rp = 0.62 diol, Rp = 0.35 (Table 1, No, 3), rose spot; 
(Table 1, No, 8); 3) mixture of acetoxyepi- 2) 3,17-diacetoxy-17 a-ethynyl- & -andro- 
androsterone a- and B-5,6-oxides, a-oxide stene-38, 178 -diol, Re = 0.74 (Table 1, 
Rp = 0.73; oxide Re = 0.64 (Table 1, Nos. 7 No, 5), rose spot; 3) 3,17-diacetoxy-5 21,21 - 
and 8), b) same solvent; development with tribromopregnane-386 ,6,176 -triol, Re = 0.30 
concentrated sulfuric acid, 1) 3-Acetoxy- (Table 1, No, 6), blue spot; 4) mixture of 
17a -ethynylandrostene-38 , 178 -diol 5a, 6a- products obtained from the mother liquor 
oxide, Rp = 0.82 (Table 1, No. 9); 2) after recrystallization III, Rp = 0.30 (Table 1, 
3-acetoxy-17 a-ethynylandrostene-38 , 17B - No, 6) and Rp = 0.45, unknown product. Blue 
diol 58, 68 -oxide, Rp = 0.68 (Table 1, No, spot. b) same solvent; time 55 minutes; 
10); 3) mixture of the a- and B -oxides development with concentrated sulfuric acid. 
(Table 1, Nos, 9 and 10) a-oxide Rp = 1) 17a -ethynyl-A® -androstene-38 , 178 - 
= 0.83, B-oxide Rp = 0.66. diol, Re = 0.35 (Table 1, No, 3); 2) 3- 
acetoxy-17a - ethynyl-A5 -androstene-3 B 
Starting points, separated by 1.5-2 cm, were marked 178 -diol, Re = 0.55 (Table 1, No, 4); 3) 
at a distance of 1.5 cm from the lower end of the plate 3,17-diacetoxy-17 a-ethynyl-A® -androstene- 
with a sharp pencil. The substance under investigation was 3B, 176 -diol, Rp = 0.68 (Table 1, No, 5); 4) 
dissolved in 0.2 ml of ether or chloroform, and about 0,07 mixture of products (T able 1, Nos, 3, 4,and 5), 
ml (about 10-20 ) of the solution was deposited on the for No, 3 Rp = 0.32, for No, 4Rp = 0,54, for 
plate by means of a micropipet. The plate was placed No, 5 Rp = 0.68. 


vertically in a battery jar(13 X 18 X 23 cm) containing 
an amount of solvent such that only 0.5 cm of the plate was submerged. .The jar was covered with a ground glass 
plate. When the liquid had risen a distance of 9-10 cm (from 30 minutes to 1.5 hours), the plate was removed, the ‘ 


liquid front was noted, and the plate was dried at room temperature or in a drying cabinet at 40-50°, after which it 
was developed. 


The plates were developed by spraying with concentrated H,SO,4. The colored spot developed almost immediate - 
ly in almost all cases, although in certain cases it was necessary to heat the plate to 80°, For the determination of 
compounds with conjugated double bonds, the plate was developed by spraying with a solution of 2,4-dinitrophenyl- 
hydrazine [3], This solution was prepared by dissolving 150 mg of 2,4-dinitrophenylhydrazine in 25 ml of water and 
22 ml of concentrated HC1 and adding water to the resulting solution to bring the total volume to 100 ml, For the 
determination of carbonyl compounds, the plates were sprayed with a 10% solution of phosphomolybdic acid in 
alcohol, and, 1 minute after the spraying, the plates were heated at 110° until the spots developed [3]. 


Thus, we have shown that it is possible to separate certain steroid compounds by means of thin layer chromato- 
graphy. Concentrated H,SO, was used as the developer. Two examples of the separation of epimeric steroid oxides 


were described, 
LITERATURE CITED 


5 J. G. Kirchner, J. M. Miller, and J, G. Keller, Anal, Chem, 23, 420 (1951); H. H. Reitsema, Anal, Chem. 26, 
960 (1954); E. Stahl, Pharmazie 11, 632 (1956); E. Demole, J, Chromatography 1, 24 (1958), 


E, Stahl, Chemiker-Zeitung, 82, 323 (1958); Parfim, und Kosmetik 39, 564 (1958); Pharmaz, Rundschau 
No, 2(1959)., 

M. Barbier, H. Jager, H. Tobias, and E. Wyss, Helv. chim, acta, 42, 2440 (1959). 

M. Barb’e and S, I, Zav'yalov, Izv, AN SSSR, OKhN, No. 7, 1309 (1960). 

M. J. D. Van Dam, C, J, de Klaver, and J, G. de Heas, J. Chromatography 4, 26 (1960), 

J. M. Hais, and K, Macek, Handbuch der Papierchromatographie 1, 346 (1958), 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


1 


3. 
4, 
5. 
6. 
510 


KINETICS OF THE DEHYDROGENATION OF ETHYLBENZENE TO STYRENE 
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Translated from Doklady Akademii Nauk SSSR, Vol, 138, No. 3, pp. 595-597, May-June, 1961 
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The literature on the catalytic conversion of ethylbenzene to styrene is voluminous, and is predominately 
patent literature relating to catalysts and methods for the dehydrogenation of alkylbenzenes, There is also some 
material describing equilibrium studies of the conversion of ethylbenzene to styrene [1-3], The present work consti- 
tutes the first study of the kinetics of the conversion of ethylbenzene to styrene, and the effect of the structure of the 
alkyl radical on the dehydrogenation rate was determined, 


The experiments were carried out in a flow system using the previously 
described apparatus [4] and a mixed oxide catalyst; steam dilution was 
employed, The experimental method was the same as that used in our study 


a6} of isopropylbenzene dehydrogenation [5], The experiments were carried out 

with 10 ml of catalyst. The ratio of ethylbenzene vapors to steam was held 
ast constant at 1:3 parts by weight. The catalyzate obtained from these experi- 
> ments was colorless, The styrene content of the catalyzate was determined by 


the bromometric method of Rosenmund [6]. In addition, the catalyzate was 
also analyzed by gas~ liquid chromatography using as the liquid phase dinonyl 
sebacate deposited on diatomaceous brick; the amount of dinony] sebacate 
F . 4 was 18%, In order to avoid polymerization of the catalyzate, 2% Neozone-D 
AL, os was added to the liquid phase. The effluent gas was analyzed by means of a 
modified Orsat apparatus for carbon dioxide, olefinic hydrocarbons, hydrogen, 
Fig. 1. Dependence of log z, on and saturated hydrocarbons, The catalyst was purged with a steam-air mixture 
1/T. and then with air after each experiment. Catalyst activity was checked by 
carrying out experiments under standard conditions of temperature and flow 
rate; it remained constant over the course of all experiments. 


The ethylbenzene had the following constants: b.p., 135,5°; é*, 
0.8696; 1.4960, Literature values {7] b.p. 136.5°; 0.869; nD 
} 1.4959, The styrene used for the determination of the relative adsorption 
2 76h coefficients had the following constants: b.p. 144-145°; #4 0.9000; n™p 
1.5485. Literature values [7]: b.p. 145-146; d°, 0.9030; nD 1.5484, 
oo 


ja} The kinetics of ethylbenzene dehydrogenation were investigated over 

‘ P ‘ the temperature range 520-560° and at feed rates of 800-1000 ml/liter/hour. 
2,0 aa me 126 The effluent gas was formed at a uniform rate, Readings of the gas evolved 
were taken every three minutes, and the volumes were corrected to standard 
conditions (s,t.p.) and expressed in milliliters per minute, The analytical 
data showed that the effluent gas was chiefly hydrogen with a small amount of 


CO, (from 2.3 to 7.4%) and unsaturated hydrocarbons (from 0,2 to 0.6%), No 
saturated hydrocarbons were detected under these conditions, 


Fig. 2. Dependence of log ky on 
1/T. 


The reaction rate was determined from the amount of styrene formed, The amount of hydrogen formed was 
found to correspond closely to the amount of styrene. 


The reaction rate constants were calculated from the experimental data by means of the equation for mono- 
molecular catalytic reactions in a flow system, which was developed by one of us [8]. As we have shown previously, 


this equation holds for dehydrogenation of hydrocarbons [9] and of alcohols [10] over an oxide catalyst, In the present 
case, this equation has the form: 


= 2,303 (22 + 29) m (20 


where k is the rate constant; Z, and 2g are the relative adsorption coefficients for the reaction products, styrene and 
hydrogen; Ay is the amount of substance passed per unit time; m is the amount of reaction product formed. 


1. The relative adsorption coefficients of the reaction products — 
: styrene and hydrogen — were determined under analogous condi- 
sorption Coefficients with a Mixture of Ethyl- 
tions by measuring the dehydrogenation rates of binary mixtures 
benzene and Styrene (19.5 mole % styrene) 
of ethylbenzene and styrene and of ethylbenzene and hydrogen, 
—— Numerical values of the relative adsorption coefficients were cal- 
Temp.~C culated by means of the formula: 
520 : 22 
530 100/p —1 (2) 
5A0 
550 


where mp and m are, respectively, the amount of reaction product 
formed when the feed consists of the pure substance and when it 
consists of p per cent of the reactant in the reaction product for 
which z is being determined, As may be seen from Table 1, the 
relative adsorption coefficient of styrene varied from 4.8 at 520° to 1.5 at 550°, It was found that the relative 
absorption coefficient of hydrogen, 0.7, does not change with temperature, The relationship between the logarithm 

of z and the reciprocal of the absolute temperature is shown in Fig, 1. The results of the experiments on the dehydro- 
genation of ethylbenzene are presented in Table 2, The rate constants calculated from the experimental data by 
means of Eq, (1) are shown in Table 3. The graph of Fig. 2, which was plotted from the data of Table 3, shows the 
relationship between the logarithm of the rate constant and the reciprocal of the absolute temperature, The points 

fall on a straight line. The activation energy calculated from the reaction rate constants was 36,1 kcal/mole, and the 
preexponential factor, log ky, was 7.42, The free energy (AF), heat content(A4H) and entropy (AS) changes accompany- 


ing adsorptive displacement (T able 3) were calculated from the values of the relative adsorption coefficients by means 
of well-known formulas, 


TABLE 2. Dehydrogenation of Ethylbenzene, (Feed rate, 0.50 ml in 3 minutes 
(1000 mi/liter/hour); steam dilution, 1: 3 parts by weight) 


Degree of Gas analysis, vol. % 


catalyzate,|3 minutes, enation, ChHon 
ml rom Hy, % 


4,8 5,4 


6,6 7,8 
12,0 12,7 
12,0 42,7 
15,8 
23,2 25,4 


Temp.,C 


TABLE 3. Dehydrogenation Rate Constants for Upon comparing the results obtained from the dehydrogen- 

Ethylbenzene, k,, and Thermodynamic Functions _ ation of ethylbenzene to styrene with those obtained from the 

for the Adsorptive Displacement of Ethylbenzene dehydrogenation of isopropylbenzene, the kinetics of which were 

by Styrene studied over the same sample of catalyst [5], it is evident that 

Temp] k-10? | AF, AH. AS, ethylbenzene is dehydrogenated at a lower rate than isopropyl- 
°c lg/ ml1/mi cal kcal/mole cal/deg/ benzene, Thus, the rate constant for ethylbenzene dehydrogen- 

more ation at 520° is 0.292 (k, ° 10°), while for isopropylbenzene it is 

| 44,5 0.7759 (kp+10); at 550°, the constants are, respectively, 0.780 

32,8 


520 | 0,292 | 2465 ~ | 


530 0,370 1950 
540 0,5120 | 1344 
550 0,7800 715,8 
545 0,6130 


27 and 1.570, Thus, isopropylbenzene, which has a branched 


40,7 radical, is dehydrogenated almost twice as fast as ethylbenzene, 


| 
. 522 6,0 2,3 0,5 97,2 
522 6,0 
532 8,0 2,6 0,6 96,6 
542 12,0 4,0 0,6 94,3 
544 12,0 4,2 0,6 95,1 
553 15,5 5,0 0,4 94,6 
; 563 23,5 7,4 0,2 92,4 
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ACYLOXY DERIVATIVES OF COBALT, NICKEL, AND MANGANESE 
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In recent years, there have appeared a large number of publications dealing with investigations of the proper- 
ties of acyloxy derivatives of various metals, The methods used for the preparation of acyloxy derivatives of metals 
in which the acyloxy group is from a higher monobasic acid include saponification of fats with metal oxides or 
hydroxides, an exchange reaction between alkali metal soaps and metal salts, and the interaction of carboxylic acids 
with metal salts. These methods usually lead to the formation of mixtures of basic salts of the metals, sometimes of 
variable composition. Different papers have indicated that it is possible to prepare neutral salts of certain transition 
metals, Thus, for example, cobalt acyloxy derivatives formed with higher acids have been prepared by the interaction 
of anhydrous CoCl, with monobasic aliphatic acids and ammonia in absolute alcohol [1], and acyloxy derivatives of 


cobalt formed with lower acids have been prepared by the action of a sodium alcoholate and an aliphatic acid on an 
anhydrous cobalt salt [2]. 


TABLE 1 


Expt. Starting materials Reagent Medium Yield, % | Product com- 
No. acetylacetonate aliphatic acid mole position 
ratio 
Zirconium tetraacetyl- Stearic 1:4 Benzene ~100 (CygHys02)4Zr 
acetonate 
2 Same Palmitic 1:4 Benzene ~100 (CygH34O2)4Zr 
3 Same Lauric 24 Benzene ~100 (CygH 
4 Same w-Chloroun- 1:4 Benzene ~100 
decanoic 
5 Same Enanthic Enanthic ~100 
acid 
6 Same Caproic Caproic acid ~100 (CgHyyO2)4Zr 
Same Valeric Valeric acid ~100 
8 Cobalt triacetylacetonate Stearic hited Xylene 55 (CygHgg02),Co 
9 Cobalt diacetylacetonate Stearic 1:2 Xylene 52 (CygHggO2),CO 
10 Manganese triacetylaceto- | Stearic 1:3 Xylene 90 (CygHgs02 »Mn 
nate 
11 Same Palmitic 1:3 Xylene 67 (CygH33O2))Mn 


There is a communication [3] reporting the formation of tetraacyloxyzirconiums by prolonged heating of zirco- 
nium tetrachloride with higher acids in a benzene medium until elimination of hydrogen chloride is complete. A 
similar method has been recommended for the preparation of manganese acyloxy derivatives [4], derivatives of both 
monobasic and dibasic acids. Diacyloxy derivatives of manganese are obtained when anhydrous MnCl], is heated with 
an excess of the acid to a temperature exceeding the melting point of the acid by 10-15°. After the elimination of 
hydrogen chloride, the product is washed free of excess acid, and the resulting material gives a satisfactory analysis 
for manganese content. This method is applicable only to fusible acids, It is probable that as a consequence of the 
necessity for heating for a number of hours at a high temperature, by-products are formed from high melting acids; 
the manganese compounds which have been described are black powders, 
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Wilkinson (5, 6] used molybdenum hexacarbony] as the starting point for the synthesis of molybdenum acyloxy 
derivatives of monobasic aromatic and aliphatic acids, 


Three of the authors of the present article have described a method for the synthesis of acyloxy derivatives of 


zirconium, manganese, and cobalt which is based on an exchange reaction between metal acetylacetonates and mono- 
basic aliphatic acids [7]. 


The results obtained in that work are cited in Table 1. 


The possibility of applying this method to cobalt, nickel, and manganese acetylacetonates and dibasic ali- 
phatic (saturated and unsaturated) and aromatic acids .as studied in the present work. The dibasic acids investigated 
were azelaic, adipic, fumaric, and terephthalic acids, Cinnamic and mandelic acids constituted the aromatic mono- 
hasic acids investigated, 


The interaction of these acids with cobalt and nickel diacetylacetonates and also with manganese triacetyl- 
acetonate was carried out in an atmosphere of nitrogen by heating under reduced pressure for distillation of the 
volatile products, 


Completion of the reaction was indicated by a negative test for acetylacetonate group in the resulting material, 
The reaction was usually continued for from 3 to 9 hours, In the majority of cases, purification of the product was 
accomplished by careful washing with the same solvent as used for the reaction and then with a light petroleum ether 
fraction. 


In certain cases (see Experiments 7, 9, and 10, Table 2), it proved to be possible to accomplish additional 
purification by reprecipitation of the material with petroleum ether from solution in pyridine or tetrahydrofuran, 
The results are presented in Table 2, 


With the compounds investigated, exchange of acetylacetonate groups took place rather readily with both mono- 
basic and dibasic acids, In the case of monobasic acids, compounds soluble in tetrahydrofuran or pyridine were for- 
med, Reaction products formed from dibasic acids were distinguished by their insolubility in the usual organic solvents, 
These substances were infusible materials which extremely readily formed stable complexes with pyridine, tetrahydro- 
furan, and benzene, The acyloxy derivatives formed by cobalt, nickel, and manganese with dibasic acids were 
apparently polymers having the composition (~ Me~OOC—R-COO),., 


X-ray photographs were taken of cobalt azeleate, These showed that the material is an amorphous polymer. 
The insolubility, infusibility, and amorphous nature of the polymer forced us to assume that the cobalt atoms in this 
substance are coordinated with oxygen atoms of the neighboring molecules, 


The preparation of diacyloxy derivatives of divalent manganese in which the acid residue stemed from a dibasic 
acid was carried out using the acetylacetonate of formally trivalent manganese in a manner similar to that used for 


the reaction of manganese and cobalt triacetylacetonates with monobasic acids (see Experiments 8, 10, and 11, 
Table 1), 


This method — an exchange reaction between the acetylacetonates of zirconium, manganese, nickel, and 
cobalt and carboxylic acids— is a general one for the preparation of acyloxy derivatives of transition metals. 
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Silver halides and pseudohalides possess increased solubility not only in the presence of an excess of the cor- 
responding anions, but in the presence of an excess of silver cations as well, V. A, Kistyakovskii [1] pointed out that 
the formation of cationic complexes of the type Me,X*, where X is an anion, is possible, and indeed he observed the 
complex Aggl”* in solution [2], K, Hellwig [3] arrived at this same conclusion by observing transfer of iodine to the 
cathode during electrolysis of the liquid phase of the system AgNOs—AgI—H,O. Hellwig studied the solubility of cer- 
tain silver salts in AgNOg solution and separated in the crystalline form compounds having the composition 2AgNOsg * 
and AgNOg-Agl, where X = I', CNS', Y = Cl’, Br’, I’. 


Treating such compounds as double salts, S. V. Gorbachev [4] calculated their dissociation constants for dissocia- 
tion in accordance with the reaction: 


AgNO; - AgX AgNOs + AgX. 


I, A. Kablukov [5] established the existence of the compound AgNO + AgBr by means of thermal analysis of the 


system AgBr~AgNOs. The compounds 2AgNOs*Agl; AgNO Agl and AgNO have also been shown to exist in 
the melt [6]. 


L L | 
04 O& 12 16 20 24 28 motes/liter 


[AQNOs) 
Fig. 1. Dependence of ¥j on AgNO  con- as 08 24 28 motes /liter 
centration, 1) 2) ¥g; 3) ¥4. 


Fig. 2. Dependence of ¥j on AgCly con- 


K, Lieser [7] measured the freezing point depression contsation, 1) 3) 


and the electrical conductivity of aqueous AgNOg solutions 
in which AgI was dissolved, and thereby established the 

existence of cationic complexes. B, V. Nekrasov [8] also considered compounds of the type Ag,Hal (NOs), _, to be 
complexes in which the halogen ion is the central ion, Using Hellwig's data on the solubility of silver halides, K. B. 


Yatsimirskii [9] calculated the total dissociation constants of the cationic complexes Agl,"* (8.0° 10745), AgBrt 
(2-107) and Ag cit (2°1077), 


Since the CNSe~ ion is markedly similar to the T” ion, it might well be assumed that cationic complexes based 
on silver selenocyanate would exist. It was of interest, therefore, to compare the stabilities of selenocyanate complexes 
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with those of halide complexes and also to clarify the question of whether the inner sphere ion has an effect on the 


occurrence of the complex-forming reaction, With this aim, we studied the solubility of AgCNSe in aqueous solutions 
of AgNO and AgC 104. 


Experimental Results and Discussion 


The silver selenocyanate was prepared by an exchange reaction between analytical grade AgNO, and KCNSe 
(99%), The silver perchlorate was prepared from silver nitrate, The silver nitrate was converted to the oxide, which 
was then dissolved in c.p. HC1O4. The AgC10, was recrystallized before use, 


TABLE 1, Solubility of AgCNSe in AgNOsg Solutions 


Initial 
AgNO, 
conce., 
moles/liter 


Solubilit 
of AgCNSe, 
moles /liter 


Equil. 
conc. of 


AgNOs | 


[Agt]* 


1012 
10! 
10! 


0375-1073 
1,00-10-3 
1,49-10-8 
2,12. 10-3 
2,50-10-3 
3,45-10-3 
6, 36-1073 
8, 48-1073 


0,736 
1,191 
1,520 
1,726 
1,858 
2,094 
2,684 
3,014 


3-108 
1012 
38-10! 
1912 
3-108 


2, 
1, 
i, 
103-10" 
0,98. 10! 
0,95- 101 
0,83-10! 
078-102 


35-10! 
48 - 


TABLE 2, Solubility of AgCNSe in AgC10, Solutions 


Initial 
conc., 


Solubility 
Se, 
moles/liter 


of AgCN 
moles /liter 


Ys 


1,10-10-3 


1,045 


1,305 
1,381 
1,796 
1,943 
2,093 
3,008 


1,98-10-3 
2,12-10-3 
4,35-10-9 
6,61-10-3 
7,01-10°3 


2,24-1073 


1,303 
1,379 
1,792 
1,937 
2,086 
2,986 


0, 287-10" 
0645-108 
0,731 -10" 
1,949. 1018 
320-4013 
3,66-108 
1,67-10" 


2,63- 108 
3,80. 101 
3,85 -1082 
6,07. 101 
8,53-108 
8, 40-1012 
188-10! 


2,52-410" 
2,92-10!2 
2,79-40% 
3,39-102 
4,40-108 
4,03-108 


2,24- 10! 
2,02. 10! 
1,89- 10! 
2,27. 10! 
1,93-101 


2,10. 4012 


TABLE 3. 
Complexes 


Dissociation Constants of the A series of AgNOg and AgC 10, solutions were prepared, 


and these were saturated with freshly prepared AgCNSe. The 
temperature of the mixture was held constant at 20° until 
equilibrium was reached, after which the solid phase, AgCNSe, 
was separated by filtration, Silver and selenium were deter- 
mined in the filtrate. For this purpose, an aliquot part of the 
solution was treated with nitric acid, the total silver was 
determined as AgC] (gravimetrically), and the selenium was 
determined argentometrically [10], Experiments in which 
the solubility of AgCNSe in AgNOg and AgC 10, solutions was 
studied were repeated two or three times, The logarithm of 
the AgCNSe solubility was plotted as a function of the con- 
centration of silver salt, and the resulting graphs showed that 
the complexes AgCNSe’, AggCNSE”* and even AgCNSe** were formed over a silver salt concentration range of 0.7 
to 3.1 moles/liter, Earlier statements regarding the existence of the last complex were merely conjectural [3]. The 
data on the compositions of these complexes were confirmed by calculating their dissociation constants by the method 
due to Leden [11]. The results of the investigation are presented in Tables 1 and 2 and in Figs. 1 and 2, 


Nitrate 
solutions 


Perchlorate 
solutions 


[Ag2CNSe 

| \g* [CNSe>| 
| AgsCNSe?*] 

[AgyCNSe3*] | 


2-10-18 2-10-12 


Ky 5,6-10-8 5,9-10-8 


Ky 91-10-18 4,8-10-18 


1,192 0, 298-1018 2,10- 
1,521 0,566-10'8 2,45: 1,¢ 
1,728 0,914- 1018 3,08- 
1,860 1,16-10" 3,36. 
2,097 4,11- 
2,687 4,26-10" 5,93. 
3,022 6,39-1018 7,03- 
conc. of 
AgClO, 
518 


S [Ag* 
The function ® was calculated approximately as EEL [12], where [Ag' ] is the equilibrium concentration of 


silver ions and § is the solubility of AgCNSe. The value of the solubility product (Pr) of AgCNSe was taken as 4° 
(13), 


As may be seen from Figs. 1 and 2, extrapolation of the values of ¥; to zero silver ion concentration gives 


Bj (the intercept on the ordinate axis), and the dissociation constants of the corresponding complexes may then be 
calculated as 1/B;. 


The values obtained in this manner are presented in Table 3, 


It may be seen from the data presented above that the complexes formed in the presence of silver nitrate and 
silver perchlorate have the same compositions, It should be noted that the formation of AggCNSe* is more difficult 
in the presence of silver nitrate than in AgC1O, solution (See Fig. 1), Good agreement of the dissociation constants 
of the simplest complexes in the two solutions were observed. The dissociation constants for the complex AgyCNSe** 
diverged somewhat (see Table 3), There was also divergence of the solubilities of silver selenocyanate in the 
presence of AgC 104 and AgNO. 


The stabilities of the cationic silver complexes based on the selenocyanate ion were very close to those of the 
corresponding iodine complexes, Thus, the dissociation constant of Ag" is 8.0°107* [9], while the dissociation 
constant of AggCNSe”* is 5.6107 (in the presence of AgNOs). 


In order to trace the difference in the formation of halide-based cationic complexes and pseudohalide-based 
complexes, the solubilities of the corresponding salts in silver nitrate solutions with a silver concentration of 3 moles/ 
liter were compared, We have the following values: AgCNSe, 8.4: 10°; Agl 9.4: 10° [3]; and AgCNS, 2.6° 107 
[3] moles/liter, The solubilities of Agl and AgCNS were determined at 25° [3]. Thus, the CNS¢ ion is closer to the 
I ion than toCNS~,Cl-, and Br with respect to its ability to form complexes, Halogen and pseudohalogen ions 
may be arranged in the following series with respect to solubility of AgX salts in a 3M solution of AgNO: 


I” > CNSe- > Cl- > CNS- > Br-. 


We also attempted to separate salts containing the cationic complexes. For this purpose, aqueous solutions of 
AgNO and AgC 10, were prepared (approximately 3 moles/liter), The solution was heated to 60-70°, and freshly 
prepared AgCNSe was then added to the saturation value, Excess AgCNSe was separated, and the filtrate was set 
aside to crystallize, White, slightly brownish, very fine crystals, stable in air, were obtained from the nitrate solu- 
tion, They decomposed in water with the liberation of AgCNSe; they were soluble without decomposition in AgNO, 
solutions, and decomposed when heated to 118-120°, 


In order to determine the composition of this salt, a weighed portion was treated with hot water, and the AgCNSe 
which separated was filtered, washed with water and with alcohol, and dried at 100°, The silver in the filtrate was 
determined by titration with 0,01 N NaCl, 


Found %: AgNO, 61.2; 61.3; 61.0; AgCNSe 37.6; 38.7; 39.1. (AggCNSe) (NOs); Calculated %: AgNO, 
61.5; AgCNSe 38.5. 


Saturation of the AgC10, solution with AgCNSe yielded white acicular crystals which were stable in air and did 
not decompose when heated to 150°, Ata higher temperature, the salt obtained from the AgC 10,4 solution decomposed 


explosively, It also decomposed when dissolved in water, The composition of the salt corresponded to the formula 
(AggGNSe)Cl0,. 


Found %; AgClO4 49.20; 49.23; AgCNSe 49.90; 49.70. (AggCNSe) C104. Calculated %: AgC1O, 49.23; 
AgCNSe 50.77. 


Thus, the synthesis of the molecular compounds and also the solubility data have presented us with the possi- 


bility of arriving at a conclusion regarding the effect of inner sphere ions on the interaction between CNSe€ and Ag* 
ions, 
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Earlier investigations [1] of the structure of uranates have provided a basis on which to consider the effect of 
the nature of the cation on the composition and properties of uranates, The results of investigations of the reaction 
of uranium trioxide and of uranoso-uranic oxide with alkali metal carbonates and with oxides on carbonates of 
certain divalent elements have been published previously (2, 3). We have also studied the reaction of uranoso-uranic 
oxide with other salts of these elements and with lead oxide, 


During the interaction of uranium oxides with nitrates, chlorides, and sulfates of sodium and potassium, as 
during the interaction with carbonates, diuranates (or, at times, tri- to hexauranates) are initially formed. In the case 
of the chlorides, chlorouranates and uranyl chloride are formed in addition to uranates, and uranyl sulfate is obtained 
with sulfates, Further reaction between the diuranate and excess alkali metal salt is observed only in the case of 
nitrates (NaUO, is formed), The addition of even a large excess of chloride or sulfate does not result in the formation 
of the monouranate, The alkalizing action of the salts investigated decreases in the series carbonate > nitrate > chlor- 
ide > sulfate, Polyuranates (up to lithium triuranate and potassium, rubidium, and cesium hexauranates) can be formed 
with an excess of uranium oxides, The structures of lithium triuranate and potassium tri- to hexauranates are different. 
The peculiarity of the structure of potassium tri- to hexauranates, which are stable only when the dimensions of the 
cation are large, apparently explains the absence of similar phases in the case of lithium and sodium. 


In contrast to the formation of uranates by the alkali metals, the formation of uranates by the interaction of UsO, 
with calcium, cadmium, and strontium chlorides begins with the monouranates of calcium and cadmium (@ -form) and 
the structurally similar SrUOs 4 , which is then oxidized to SrUO, (8 - form), The interaction between U3O, and excess 
chloride stops at this stage, while the oxides and carbonates react with monouranates giving the orthouranates Melluo, 
(Ga, Sr, Ba, Cd) and Melluo,(Ca, Sr, Ba, Pb), Strontium and lead monouranates are capable of dissolving uranium 
trioxide (at temperatures of 1100 and 600°, respectively), forming phases for which the x-ray patterns are almost 
indistinguishable from those of the monouranates, In the case of the lead compounds, an increase in the temperature 
to 800° resulted in a gradual decomposition of the phase formed at 600° with the liberation of the monouranate. With 


strontium, annealing of solid solutions of UOg in 6 -SrUO, is accompanied by rearrangement of the structure and the 
formation of an SrO+1,5-1.75 UOg phase. 


Thus, the initial products of the reaction of uranoso-uranic oxide or uranium trioxide with oxides and salts are 
usually uranates with a hexagonal symmetry, since the relative positions of the uranium atoms are close to those in 
the original uranium oxides, In particular, this explains the formation of hexagonal magnesium and zinc triuranates 
during the interaction of uranoso-uranic oxide with the corresponding oxides. 


Uranates of the alkali metals undergo thermal decomposition either with the loss of the alkali metal oxide or 
with the liberation of uranoso-uranic oxide, depending on the composition of the original uranate, In the series 
LigUOg—Cs,UOg, stability drops in conformity with the increase in volatility of the Me lo The lower thermal 
stability of rubidium and cesium monouranates explains the absence of polymorphism in these compounds — decompo- 
sition takes place earlier than the polymorphic transformation, The tri- to hexauranates, which are characterized 
by greater distances between the uranyl oxygen layers, are less stable (with the exception of rubidium tetrauranate), 
Of the oxides of the alkali metals, only lithium oxide is capable, under specific conditions, of forming with uranium 
oxides solid solutions having the composition (Li, U)Og + xy. The decomposition of lithium uranate under vacuum 
takes place according to the equation: LigUOg - LiUOg ~ (Li, U)O, , x (with loss of lithium oxide), On the contrary, 
in the case of divalent elements the decomposition of uranates is usually accompanied by the formation of solid 


solutions having the composition (Mell, u) Og + x and a fluorspar structure (if the volatility of the Mello is not too 
high). 


Consequently, the thermal stability of uranates and their type of thermal decomposition are determined, on the 
one hand, by the volatility of the basic oxide (or its thermal stability), and, on the other hand, by the minimum 
amount of this oxide required for stabilization of the hexavalent state of uranium, The ability of the basic oxides to 
form solid solutions with uranium oxides also has a substantial effect on the decomposition process. 


The composition of the products of the reduction of uranates by hydrogen depends on the stability of the cor- 
responding lower valence (V and IV) uranium compounds and the stability of the given element. As we have 
established, lithium and cesium monouranates are reduced by hydrogen at a low temperature (350-400°) to uranium 
oxides, UO, , x (the reaction is practically irreversible), A higher temperature (400-550°) is required for reduction of 
sodium and potassium diuranates and of potassium and rubidium monouranates by hydrogen, and the reduction of 
diuranates at first proceeds without disruption of the uranate structure (Me,U,07~_, phase), Sodium and potassium 
uranates (V) having the composition Meluo, (perovskite structure) are formed in the succeeding stage of the reduc- 
tion, The product of the reduction of rubidium monouranate has the composition RbyUOg (x is about 0.85), The cor- 
responding lithium uranate (V) is formed only by thermal decomposition of Li,UOg under vacuum. A further increase 
in reduction temperature leads to the formation of uranium dioxide. During the reduction of more acidic uranates 
(for example, KgUgOy9), uranates (V) and UO, + x are formed at first. Uranates (V) are more stable in the presence of 
free alkali metal hydroxides, Uranates (V) are readily soluble in acids which are oxidizing agents and dissolve more 
slowly in dilute hydrochloric and sulfuric acids, They are oxidized when calcined in air, giving the corresponding 
uranates, In contrast to “tungsten bronzes", uranates (V) are characterized by a narrow region of homogeneity and 
greater chemical activity, 


Reduction of uranates of the alkaline earth metals begins at a higher temperature (> 600°) and is accompanied 
by the formation of a McllUO,4_ x phase without a change (Ca and Ba) or with a change (Sr) in the structure of the 
original uranate, The metastable a-modification of SrUO, can be prepared by oxidation of StUO4— x below 700°. 

A further increase in the reduction temperature leads to the formation of cubic phases with a fluorspar structure. 


Reduction of zine and cadmium uranates is accompanied by the liberation of uranium oxides and metallic zinc 
or cadmium. 


During potentiometre titration of uranyl salts with bases, regardless of the nature of the hydroxide used, break 
points are observed on the curves at points corresponding to the addition of 1, 1.5, 2, 2.28, 2.5, and 3 moles of MeOH 
per mole of uranyl nitrate, which correspond to the formation of the following compounds: UO,(OH)NOg, (pH 2.5-3.5), 
(UO,),(OH (pH 3.5-5.0), (pH 4.0-5.5), MegU Ogg (pH 6.0-6.5), Me,UO43 (pH 7.0-9,0), and Me,U,0, 

(pH 9,0-11.0). 


By means of chemical and x-ray analysis of the precipitated sodium uranates formed at the different pH values 
(the adsorbed base was washed out with alcohol), the existence of the following two phases was established: Na,O * 2— 
4U0 3 with a CaUO, structure and 7TUO, with a potassium tri- to hexauranate structure. An x-ray investiga- 
tion of the suspension of precipitated sodium and potassium uranates in 10% solutions of the corresponding hydroxides 
showed that alkali metal uranates are not formed in an aqueous medium. 


The precipitates obtained under equivalent conditions by the action of an excess of the corresponding hydroxide 
on a solution of the uranyl! salt had the following approximate compositions, after being washed with water to the 
complete removal of hydroxyl ions: LigO 2,5UO3 ; Na,O * 2,.5U03 3 * 83U0 ; Rb,O * 4U,03; 4—6U0,. Almost 
complete hydrolytic decomposition of the preparation can take place when precipitated lithium uranate is washed 
with hot water, Products of analogous composition were also obtained as a result of hydrolysis of the corresponding 
anhydrous monouranates (by boiling a sample of the uranate with water for several hours in a flask fitted with a reflux 
condenser), Thus, in the case of sodium uranate, hydrolysis stopped with the formation of the compounds entering in- 
to the composition of the first homogeneous phase, 


Upon titration of a urany] nitrate solution with calcium, strontium, and barium hydroxides, the break points on 
the titration curves occurred with the additon of 0.75, 1, 1.16, 1.25, 1.33, 1.5, and 2 moles of hydroxide per mole 
of uranyl nitrate; these points correspond to the formation of (UO,)(OH)NO3, MeUgOjy9, MEU 43, 49, 
MeU,07, and MeUO,. The addition of 0.5 mole of hydroxide caused intensification of the color of the solution (form- 
ation of UO,(OH)NO3), An investigation of the composition of the precipitated calcium uranates obtained at the 
above reagent ratios (allowed to stand for two weeks, washed with small amounts of ice water) established the 
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formation of somewhat hydrolyzed calcium monouranate (pH > 11) and diuranate (pH 11-10) with an increase in 

the a and c parameters as a consequence of the entry of OH ions and water molecules into the lattice. Uranates with 
aCa:U ratio of 4-7 were formed at a pH of 9.5-6.5. When these uranates were calcined (500°), the products formed 
a single phase with a structure close to that of UgOg, but not identical to it (a solid solution based on UsOg). 


Dehydration of the precipitated uranates takes place over the temperature range of 150-250°, and, with the close 
similarity in the structures of the hydrated and anhydrous uranates, it is accompanied by a change in the lattice para- 
meters (sodium and potassium diuranates, potassium triuranate, calcium mono- and diuranates), Heating of the preci- 
pitated sodium uranates (with an NagO : UOg of approximately 1: 4) is accompanied by the formation (750°) of a meta- 
stable phase, the structure of which is closely similar to that of the diuranate (with a = 3,91 and c = 17.12) but with 
an appreciably lower volume (presence of a large number of defects in the structure), Upon further heating, it is 
decomposed to the diuranate and uranoso-uranic oxide), 


Anhydrous uranates undergo hydration (both in the cold and on boiling) only when hydrolysis takes place 
simultaneously, Otherwise, they do not add water, Thus, for example, no hydration occurs when anhydrous potassium 
tetrauranate is boiled for 6 hours, and all water is easily washed out of the salt with alcohol, 
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One of the problems in the field of dehydrogenation catalysis is the possibility of dehydrogenating five-membered 
heterocyclic compounds such as pyrrolidine, thiophane, and tetrahydrofuran, to their corresponding unsaturated hetero- 
cyclic rings. 


The works of Zelinskii and Jurjew[1, 2] showed that pyrrolidine and thiophane can be dehydrogenated on plati- 
num and palladium in the vapor phase to pyrrole and thiophene, resp. The behavior of tetrahydrofuran was unexpected. 
Attempts to dehydrogenate it in the vapor phase on a platinum catalyst were unsuccessful [3]. It was hard to find an 
explanation for this very different behavior towards dehydrogenation of pyrrolidine and thiophane on the one hand, 
the tetrahydrofuran on the other hand, Up to recently no experimental data were available to give a clue to an 
explanation of this interesting fact, In 1958 the isomerization reaction of tetrahydrofurans to aliphatic carbonyl 
compounds [ 4] was discovered, This discovery had direct bearing on the dehydrogenation reaction of the tetrahydro- 
furan ring. The case with which the latter isomerizes on platinum to carbonyl compounds at 230-250° shows why it 
is virtually impossible to achieve the dehydrogenation of tewahydrofuran on that catalyst. It is therefore clear that the 
negative results obtained on platinum during attempted dehydrogenation of tetrahydrofuran can be explained by its 
tendency to isomerize, which reaction on this catalyst goes much faster than the dehydrogenation of the tetrahydro- 
furan nucleus, This phenomenon again presented a problem of dehydrogenating the tetrahydrofuran ring, but in a 
more specific sense, A study led to a search for such catalysts on which the rates of both reactions — isomerization 
and dehydrogenation of the tetrahydrofuran ring ~ are practically commensurate, The given condition has very broad 
limits, since various groups of catalysts are suitable for that purpose, We studied the action of rhodium, osmium, 
iridium, and rutenium on activated charcoal on the tetrahydrofuran ring. In many respects these catalysts are 
analogous to platinum, but at the same time differ from it in some essential properties, Inasmuch as the purpose of 
our study was to follow the course of isomerization and dehydrogenation of the tetrahydrofuran ring on catalysts, we 
found it more feasible to study tetrahydrosylvan (a-methylfuran) which gives liquid products from both reactions: 
2-pentanone and sylvan, The reaction was conducted at 300-400°, The main results of our experiment was the follow- 
ing: Rhodium, osmium, iridium, and rutenium, as well as platinum, predominantly lead to isomerization of the 
tetrahydrofuran ring; however, unlike platinum, these catalysts do not lead only to isomerization, Dehydrogenation of 
the tetrahydrofuran ring takes place to a rather significant degree, and the result is the formation of sylvan from 
tetrahydrosylvan: 


Isomerization 


veh 


genation 


The relative contents of sylvan and methyl propyl ketone in the reaction product hardly depend on the temperature 
which, as could be expected, affects only the overall conversion of tetrahydrosylvan, The degree of conversion of 
tetrahydrosylvan to sylvan and methyl propyl! ketone at 350-400° with all catalysts averages 50-70%, Relating the 
quantity of sylvan and methyl! propyl ketone formed to the tetrahydrosylvan undergoing conversion, the following 
results: Sylvan is formed in 15-20% and methyl! propyl ketone in 65-70%, 


It is quite likely that the dehydrogenation of tetrahydrofuran can be accomplished more directly with other 
catalysts. 


In this work we studied catalysts prepared by the application of some metals belonging to the 8th group of the 
periodic system to activated charcoal, The method was as follows: Activated charcoal was saturated with an aqueous 
solution of OsOg, HglrC lk, RuCly, and RhCls, and then these compounds were reduced by hydrogen in a reaction tube at 
200-300°. Catalysts thus prepared contained about 5% finely dispersed active metal. 


Tetrahydrosylvan was prepared by the hydrogenation of sylvan in an autoclave on Raney nickel-aluminum 
catalysts at 100-120°, It had the following properties: Boiling point 79-79.5° at 750 mm; d” 0.8520, nD 1.4060. 
Tetrahydrosylvan was added to the catalyst with a volume rate of ~ 0.1 hr. The catalyzates were distilled in an 
efficient column; the sylvan and methy] propyl! ketone thus formed were identified by physical constants: Sylvan, 


boiling point 62-64"; 0.9118; 1.4318. Methyl propyl ketone, boiling point 100-101.5°, d2° 0.8080; 
1.3912, 


SUMMARY 


1, The principle possibility of dehydrogenating the tetrahydrofuran ring to the furan ring at 350-400° in the 
presence of Rh, Ir, Os, and Ru on activated charcoal was shown, 


2. Under those conditions takes place, parallel to the dehydrogenation of the tetrahydrofuran nucleus, its iso- 
merization to aliphatic carbonyl compounds, The latter reaction seems to be the principal one, 
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Disilanes with hydrocarbon bridges between silicon atoms such as (CHg)sSi-R~Si(CHg)g are of interest as mono- 
mers for the preparation of polymeric materials with alternating hydrocarbon siloxane fragments [1], and of silico- 
hydrocarbon polymers [2]. There are preparation methods [3] for bridged disilanes of the type (CHg)Si—R—Si(CHg), 
(where R is a hydrocarbon radical), but similar compounds with a functional group in the radical R are not easily 
available, We studied the possibility of preparing bridged disilanes containing the cyano group in the radical R, It 
should be mentioned that a cyano group bonded to a 8 -carbon atom (in relation to the Si) can be converted to various 
functional groups without the splitting off of the cyanoalkyl radical from the silicon (4, 6, 8]. The reaction to obtain 


bridged compounds containing the cyano group was conducted according to scheme (1) under conditions of acetonitrile 
alkylation [3]. 


(CHs)9Si (CHa), CH:CN CH(Na)CN] 


XCH,Si(CH,), 
(CHs),Si(C CH,Si (CHs)3 + NaX, 


CN 


where n = 1 and 2; X =Cl, Br, I. 


The structure of the compounds thus obtained was proved by infrared spectra, The frequency of 2238 cm of 
the disilane nitriles obtained is in a region characteristic to the cyano group, but somewhat lowered towards its value 
in w-nitriles — (CHg)gSi(CH2),CN (where n = 2 or 3, 2249 cm™), This fact is in accord with the known lowering of 
frequency of an electronegative group with increasing branching of the radical bonded to that group, For instance, in 
the transition of H~C4gHy—Cn to tert-CgHg-CN, the frequency of the —C =N group falls from 2250 cm~ to 2218 cm™ 
[7]. In addition, the structure of the compounds formed was proved by their conversion to ketones (2): 


CH,Mg H,0 
CH(CN)CHSi(CH)s —+ —+ 


(CH2),, CH(COCHs,)CH,Si (CHa)s 


(where n = 1 or 2), 


It is known that in that reaction isonitriles or a-nitriles [= Si—C-—CN] do not form ketones [8]. 


—— 
| 


The best yield of nitrile from reaction (1) was obtained for (CHg3)sSiCHgl ( ~40%), For (CHg)SiCH,C! the yield 
of disilane nitrile was the smallest (~ 20%), Here the reaction (1) was accompanied by the formation of considerable 
quantities of a side product. This compound corresponded to dimeric initial 8 -cyanoethyltrimethylsilane, judging 

by molecular weight and elementary analysis, It is known [9] that nitriles which do not contain silicon dimerize 
under the effect of sodium, This was confirmed in our case by an additional test (in the absence of XCH,Si(CH3), with 
reaction (3): 


ether 


We chose structure B (where R~CH,Si(CHg),) from the two possible structures usually ascribed to dimeric nitriles 
not containing silicon, A and B 


RCH, —C—CH—R(*) RCH,—C =C-—R (10,1) 
(A) | (B) 
NH CN NH, CN 


on the basis of spectral data, The infrared spectrum* of that compound revealed the frequency 2201 cm~, which 
can be related to the valence vibrations of the-C=N group, This frequency is lowered* *, quite obviously, by the 


presence of the conjugated grouping chain: NH, -C =C—C=N. ___ The frequencies 3400 and 3448 cm 
relate to the symmetrical and unsymmetrical valence vibrations of the NH group [13], In the infrared spectrum of 
a (CCl) solution of that compound* * * the frequency 1630 cm™~ is characteristic of the -C =C—bonds, The ultra- 
violet spectrum of the substance shows the intense frequency 248 mp (E = 46500), 


Another reaction occurred on alkylation of an w-nitrile of the type NC-CH,— CH,~O—(CH,)Si-(CHs): Here 
y ~hydroxypropyltrimethylsilane was formed and also a polymer of acrylonitrile, In a control test (in the absence of 
XCH,S i(CHs),) a y -alcohol was also formed, according to scheme (4): 


1 2 3 4 Na 
(CH,)s Si (CH); O— CH, —CH — H —~ 


| other 
CN 
\u8- 2 3 48-+- 
((CH4)3 Si —O — CH, — — Na)—> 
CN (4) 


1 4 2 3 
(CH)s Si (CHs)3 — O — Na + CH = CH (CN) 
H,O | 
(CH,)s Si (CH2)s OH + NaOH Polymer 


The dissociation of systems —-Y =C—C~—M (Y is an electronegative and M an electropositive atom), studied in much 
detail by A, N. Nesmeyanov et al. [14], appears to be a characteristic property when M is a metal, 


Through a special experiment we became convinced that the alcoholate (CHg)3S i(CH,), =ONa formed in the 
reaction did not, under the conditions, react with XCH,S i(CHg),. 


EXPERIMENTAL PART 


Starting material, Halomethyltrimethylsilanes were prepared by the chlorination [15] and bromination [16] of 
trimethylchlorosilane, followed by methylation of the halomethy] derivatives thus formed; In synthesizing 
(CHg)sSiCHglI from )SiCH,C1 methylation was accomplished with at 100° [17]. 6-Cyanoethyltri- 
methylsilane was prepared by the known method as given in[6], y -cyanopropyltrimethylsilane from Cl,(CHs)SiCH,- 
CH,CH,CN and BrMgCHs analogously to the method given in [6], with a 72% yield, nD 1.4271, boiling point 80° 


*Taken on apparatus IKS-12; NaC] prism, 2000-700 cm7 region, LiF prism, 1900-4000 em" region, The substance 
was compressed on KBr, 

**The frequency lowering of group —C = N is known to be connected with the presence of the double bond [12]. 
***Taken on a biradial apparatus UR-10, 


at 12mm. For w-nitriles: (CHgs)gSi(CHg),CN the infrared spectra (Apparatus IKS -12, LiF prism) gave frequencies 
which are characteristic of the N groups: For n = 2 it is 2248 cm”, for n = 3 it is 2249 y ( 8-Cyanoethyl)- 


hydroxypropyltrimethylsilane was prepared from Clg(CHg)Si(CHg)s3OCH,CH,CN and CHgMgBr with a 62% yield, boiling 
point 110,5° at 5 mm, n”D 1.4369, 0.8800, 


Synthesis of 1,3-di( imethylsilyl)-2-cyanopropane (I), 62 g (0.29 mole) of(CHgs)SiCHgI, 89 g (0.70 mole) of 


150 ml absolute ethyl ether as long as no reaction started (spontaneous heating up and gas evolution), A few portions 
of the remaining sodium were added under efficient mixing of the reaction mixture, After the heat evolution sub- 
sided, the mixture was heated 6 more hours, then carefully poured into water, and the ether layer washed several times 
with water, The ether extracts were dried over calcium chloride and distilled. This gave 25 g crude (I), boiling at 

103-106° at 12 mm, The properties of the analytically pure substance are given in Table 1,° 


TABLE 1, Properties of Hexamethyldisilylalkanes with Functional Groups in the 


Bridge 
| Boiling MR» |Mole, wt, 
g | Formula of substance in | | 4% — 
z, | eg C* ound| ale. found leatc. 
| 
1 | (CH,),SiCH,CHCH,Si(CH,), 105—106 |1,4412)0,8367 67,6167 57 
| 
II | 94, 5—95 |0,8359]72, 20/72, 20] 229 |227,5 
| 
87 ,5—88 ,0}4 , 4432/0 ,8465]72 24172, 32] 227 |230,5 
Hc—C=0 
IV) Sit 105-106 12 
Hc —& <0 
Vv | CCH,Si(CH,), 164—167 ‘Crystals M. p. 91,3°| 254 |252,3 
‘ 


*Under the line — pressure in mm Hg. 
**Cryoscopically in benzene, 


Found %; Si 26,00; 25.30; C 56.83; 56.90; H 10,86; 11.03; N 6 .49; 6.53. CypHegNSig. Calculated Jo: 
Si 26.31; C 56.26; H 10.85; N 6.56, 


Yield of (1) 40.5% (per iodide used) and about 70% (per consumed iodide), 


With the other nitriles and halomethyltrimethylsilanes the reaction was conducted under analogous conditions 
and with analogous proportions of reagents, (CHg3)3SiCH,Br gave (1) in 31.5% yield; (CHg)sSiCH,C1 gave 20.8%, In 
the last case an approximately equal weight of crystalline (V) was formed with the (1); on three recrystallizations 
from n-hexane (b.p, 91.0°) the purified substance (V) had the following composition: 


Found %; Si 22,10; 22,25; N 10.61; 10,90, CygHogNSig. Calculated %; $i 22,07; N 11.00, 
(II) Prepared from and ICH,Si(CHg), yielded 32.5%, 


Found %:; Si 24,40; 24,04; C 58.19; 58.42; H 11.19; 11.39. CyHasNSip. Calculated %: Si 24.69; C 58.07; 
H 11.07, 


Dimerization of (CH3)SiCH,CHgCN by means of sodium, 23.7 g of the nitrile and 1.97 g sodium was boiled 
in 100 ml absolute ether for three hours under stirring, After the usual treatment 11.2 g of the initial nitrile was 
recovered and 5,0 g of crude (V) was formed in 19% yield, boiling at 164-167 at 3 mm. After two recrystallizations 
from n-hexane the substance melted at 91.3°, A mixed melting point of the substance obtained in the experiment 
and the one obtained as a side product in reaction (1) showed no depression. 

"Properties of others prepared for the first time are also given in Table 1, 


(CH )SiCH,CHyCN, and 2 g metallic sodium from a weighed amount of 9.2 g (0.38 mole), was heated in a solution in 
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Alkylation of (CHg)gS (CHa )g OCH,CH,CN by means of XCH2Si(CHg), and sodium, The reaction was conducted 


analogously to the alkylation, but with a difference in the ether extracts were dried over anhydrous CuSO,. In the case 
of (CHg)gSiCH2G1] and (CHg)gSiCH2Br, 80-86% of (CHg)gS i(CHg),OH (per sodium used) was obtained in addition to 
unreacted nitrile, The y -alcohol had the following properties: Boiling point 75-76 at 15 mm, nD 1.4297, a, 
0.8307, Literature data [18]: Boiling point 83° at 27 mm, 1.4290, 0.8316. 


Reaction of (CH3)gS i(CHz)3 — OCH,CH2CN and sodium, 13,6 g nitrile and 1.7 g sodium was agitated in boiling 
ether until all of the sodium dissolved, and the resulting brown paste was agitated six more hours, This on usual 
treatment gave 81.5% of (CHs)Si(CHy)OH. Analogous properties with [18]. 


Reaction of nitriles (I) and (II) with CHsMgl. To an ether solution of the nitrile was added CHsMgl(3 mole CHsMgl 
per 1 mole nitrile), In case (Il) a slight heat evolution took place. Then the reaction mixture was heated on a steam 
bath; the ether was distilled and the thick mass heated 10 hours at 80-95°, This gave (III) in 60.5% yield, (IV) in 70% 
yield, The infrared spectra of (IIL) and (IV) showed the frequency 1710 cm~ which is characteristic of the keto group; 


the infrared spectrum of (CHg)gSiCH,CH,COCHsg [6] for the =C =O group shows the frequency 1710 cm~ (NaCl prism, 
region 1600-3000 cm“), 


Found %: C 58.75; 58.79; H 11.46; 11,58; Si 22,53; 22.41; CygHygSi,O (IV). Calculated %: C 58.94; H 11.54; 
Si 22.97, 


LITERATURE CITED 


L. H. Sommer andG, R, Ansul, J, Am, Chem, Soc, 77, 2482 (1955), 

2; V.M. Vdovin, K, S, Pushchevaya, and A, D, Petrov, Izv. AN SSSR, OKhN 1961, No, 2; V. M. Vdovin, K. S. 
Pushchevaya, N, A. Belikova, R, Sultanov, A, F, Platé, and A. D. Petrov, DAN 136, No, 1 (1961). 

3. V.M. Vdovin and A, D. Petrov, ZhOKh 30, 838 (1960), 

4, V.M. Vdovin, Kand, dissertatsia, Inst. org. khim, AH SSSR, 1958, 

5. A, D, Petrov and V, M, Vdovin, ZhOKh 29, 2910 (1959); A. D. Petrov, L, Kh, Freidlin, T. A. Sladkova, and 
V.M. Vdovin, Izv. AN SSSR, OKhN, 1960, 1878, 

6. A. D, Petrov, S, 1, Sadykh-zade and V. M. Vdovin, DAN 100, 711 (1955), 

VF J. McBride, Jr. and H, C, Beachell, J. Am, Chem, Soc, 74, 5247 (1952), 

8. S. Nozakura and S, Konotsune, Bull, Chem, Soc, Japan 29, No, 3, 322 (1956); ibid, 29, No, 3, 326 (1956), 

9, I, Guben, "Methods of Organic Chemistry,” [in Russian] 4, book 1, Moscow, 1949, p. 63, 

10, R.A. Show, J, Chem, Soc, 1956, 2779, 

11, H. Adkins and G, Whitman, J, Am. Chem, Soc, 64, 150 (1942), 

12, RE. Kitson and N, E, Griffith, Anal, Chem, 24, 334 (1952), 

13. N.B. Colthup, J. Opt. Soc. Am, 40, 397 (1950), 

14, A.N. Nesmeyanov, Izbr, tr. 3, Izd, AN SSSR, 1959. pp. 549, 678, 684, 

15. A.D. Petrov et al., DAN 97, 687 (1954), 

16. J. Speier, J. Am. Chem, Soc, 73, 826 (1956). 

17, V.A.Ponomarenko and V, F. Mironov, DAN 94, 485 (1954), 

18. L.H. Sommer, et al., J. Am, Chem, Soc, 71, 3056 (1949), 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


STUDY OF PHASE EQUILIBRIUM IN THE QUASI-TERNARY 


SYSTEM Ti-~ TigSn- Zr 


V.V. Glazova and N. N. Kurnakov 


A. A, Baikova Institute of Metallurgy, Academy of Sciences USSR 
(Presented by Academician I, I, Chernyaev, January 19, 1961) 

Translated from Doklady Akademii Nauk SSSR Vol, 138, No, 4, pp. 835-838, May-June, 1961 
Original article submitted January 12, 1961 


It is known that zirconium is an electronic analog of titanium, There is a corresponding infinite mutual 
solubility between the a- and 6 -modifications of zirconium and titanium. 


M.K. McQuillan [1] as well as these authors [2] established the presence of a continuosu series of solid 


solutions between the a-modifications of titanium and the compound TigSn (y -phase) in the binary system titanium- 
tin, 


We also established the presence of a continuous series of solid solutions between the a-modification of 
zirconium and the compound TigSn when we studied the phase equilibrium in the quasi-binary system TigSn- Zr [3]. 


Thus in the ternary system titanium—zirconium— tin a region of compositions is limited by the binary system 
TigSn-Zr, which region borders on the titanium corner and which, judging from the nature of the phase equilibrium 
of the binary systems shown above, at low temperatures should exist as a continuous series of solid solutions on the 
basis of the «-modification of titanium (zirconium y -phase), 


This work is devoted to the study of phase equilibrium in that region of compositions which can be imagined as 
a quasi-ternary system Ti~TigSn~ Zr, 


To accomplish our objective, we prepared, on the whole, 74 alloys of various compositions (See Table 1), 


The alloys were prepared from magnesium thermal titanium (99.8% Ti), zirconium iodide (99.9% Zr), and 
99.9% pure Sn. 


All alloys were prepared by the method of induced fusion without crucible in a state of suspension in an 
atmosphere of purified helium [4]. This method of preparing alloys based on titanium and zirconium was shown by 
us in a special study to have definite advantages over other methods, since it guarantees purer alloys as to gas content 
and other impurities, and also more uniform composition which allows considerable reduction in the time of thermal 
treatment of the alloys in order to bring them into equilibrium when studying the structural diagrams [5]. 


Cast samples, of the alloys were subjected to deformation to 10-20%, with the exception of alloys the structure 
of which was close to the y -phase, and tempered at 850 and 800°, generally for 2700 hours, The tempering was done 
in double walled quartz ampules evacuated to 10~ mm mercury column, The space between the walls contained 
a clean titanium sponge as a getter, This method of tempering completely excludes possible contamination of the 
alloys by air diffusing through the quartz at high temperatures, 


Microscopic analysis of samples tempered at various temperatures was used to study the phase equilibrium in 
the system Ti~TigSn—Zr, 


All alloys were homogenized at 800° and tempered at 500° for 1000 hours, which temperature is below that of 
allotropic conversion of titanium and zirconium and also below the minimum temperature in the system titanium— 
zirconium, After tempering the alloys were chilled in water, 


Microscopic examination of chilled samples showed them ali to be monophase with polyhedral structure a(y ). 


Figure 1 represents the isothermic cross section at 500°, and from it one sees that in the total interval of con- 
centrations studied for the quasi-ternary system Ti- TigSn—Zr there exists a continuous series of solid solutions, 


TABLE 1, Chemical Structure of Alloys Studied (in weight percent) 
No. 


CHEN EN CNET STEN 


Note: Random chemical analysis (on 20 alloys, marked with an asterisk) showed an 
insignificant deviation (in tenths percent) from the calculated values, That is why 
the calculated composition is given in the Table. 


sill 
60 
Wt. % Zr 


Fig. 1. Isothermic cross section at 500°, Fig. 2, Isothermic cross section at 800°, 
1) 1) afy); 2) B; 3) aly)+ B. 


Figure 2 represents the isothermic cross section at 800°, i.e., at a temperature which is below that of allo- 
tropic conversion of titanium and zirconium, but above the minimum temperature in the system titanium—zirco- 
nium. As could be expected, at this temperature appears the two-phase region a(y) + 8, which divides the two 
monophase regions a(y) and 8, The microstructure of alloys chilled from 800° and the composition of which 


belongs to region a(y) + 8 represents the crystal mixture a(y) and a’, Alloys chilled from that temperature and 
the composition of which belongs to region 8, have the a’ -structure, 
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Fig. 3. Isothermic cross section at 1000°, Fig. 4, Isothermic cross section at 1560°, 
Same notation as in Fig. 2, 1) L; 2) L+ a(y); 3)L + B; The rest of 


the notation same as in Figs, 1-3, 


After tempering at 800 and 500°, the pertinent studies were made, and then all alloys were tempered at 1000, 
1200, and 1560°, respectively, over 1700, 100, and 2 hours, 


Figure 3 represents the isothermic cross section at 1000°, i,e,, at a temperature exceeding that of allotropic 
conversion of titanium and zirconium, From the drawing it is evident, that region B widens in comparison with the 
foregoing cross section, while section a(y ) considerably narrows down, The microstructure of alloys chilled from 


1000° and the composition of which lies in the respective phase regions is analogous to that described for the fore- 
going cross sections, 


The isothermic cross section at 1200° is practically identical with that at 1000°, so we shall not present it here, 


Figure 4 represents the isothermic cross section at 1560°,* which is below the temperature of eutectic conver- 
sion in the system titanium tin (1590°), but above the eutectic conversion in the system T igSn—Zr (1540°), This 
drawing shows that in addition to the regions a(y), a(y)+ 68 and B (the structure of alloys chilled from these 
regions is analogous to that described for the foregoing cross sections) there are new phase regions: L,L + a(y), 

L +86 andL+a(y)+ 8. The liquid phase L in the structure of chilled alloys, which in their composition belong to 
the two-phase regions L + a{y) andL + 86, and also the three-phase region L + a(y)+ B , looks like a typical 
fusion, The rest of the structural components in these alloys look as described above, An alloy containing 25 weight 
% titanium, 25 weight % tin, and 50 weight % zirconium fused completely. 


A study and comparison of the isothermic cross sections given in Figs, 1-4 lead to the conclusion that at low 
temperatures (below minimum temperature in the system titanium—zirconium) the phase equilibrium in the quasi- 
ternary system Ti-~TigSn—Zr is described by a structural diagram with a continuous series of solid solutions, 


At higher temperatures the phase equilibrium is described by a tri-dimensional complex which characterizes 
the ternary structural diagram composed of 3 doubles (duplicates) of which (8 -Ti)—TigSn and TigSn —(8 —Zr) are 
diagrams of the eutectic type with limited solubility in the solid state, and one, (8—Ti)—(8~—Zr), by a structural 
diagram with a continuous series of solid solutions. Such a diagram is typical [6], being described at five tempera- 
tures shown above as to the character of the phase equilibrium, and therefore it is not difficult, by simple geometric 
plotting, to establish it for all other temperatures, 
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*Thermal treatment of the alloys at 1560° was done by the heating of alloys placed in a crucible made of zirconium 
oxide, 
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The catalytic activity of tin tetrachloride in cationic polymerization reactions is explained by the formation of 
m -complexes with monomers [1, 2]. So far the nature of these complexes is not clear, In the present work we attempted 
to study complexes of asymmetric diphenylethylene with tin tetrachloride, phenyltin trichloride, and diphenyltin 
dichloride, by means of electron and infrared spectra, and also by the method of dielectric polarization, Asymmetric 
diphenylethylene (DPhE) is a convenient object for the study of a similar type, since it forms only the dimer and no 
polymers [3]; the dimerization goes slowly under the influence of catalytic agents, which fact allows one to study 
intermediate products of the reaction, To clarify the effect of organic radicals on the catalytic activity of similar 
compounds, the use of organotin chlorides together with the SnCl as complex forming agents proved interesting. 


It was shown by dielectric polarization, as given in [4], that the compounds studied as to their complex forming 
ability with dioxane fall in the following sequence 


SnClg CoH; SnClg > (CoHs)2 SnCly. 
It was important to establish whether this sequence is preserved in complexes with monomers. 


The infrared spectra of the systems: SnClg + DPhE, CgHgSnClg + DPhE, (CgHs)pSnCl, + DPhE, SnC + DPhE + 
+ dimer DPhE, CgHsSnCl, + DPhE + dimer DPhE were taken on a 2-beam spectrophotometer N -800 in fluorite cuvettes 
with teflon gaskets (20 }). The electronic spectra of these systems were taken on a SF -4 spectrophotometer in benzene 
solution, The polar properties of the complexes formed were measured by the dipole moment of DPhE in benzene 
containing a measured quantity of SnCly. Preparation of the mixture and filling of the cuvettes was done in a 
hermetic chamber in an atmosphere of dry nitrogen, Tin chloride and CgHsSnCl, with DPhE give a green solution with 
an absorption band at 610 my, and also with intense absorption below 500 my (Fig. 1). 


There are considerable differences between the infrared spectra of the systems SnCl, + DPhE and CgHgSnC lg + 
DPhE and those of pure DPhE (Table 1, Fig.2): 1) The absorption bands in the regions 1612, 1420-1400 and 1335 em 
disappear, and the intensity of band 1578 cm™ greatly diminishes, All these bands are related to the presence of a 
double bond in the diphenylethylene molecule. The band 1615 cm relates to valence vibrations of the double 
bond C =C, and frequency of which is lowered as a result of conjugation with the pheny] rings [5]. The bands in 
regions 1400 and 1330 cm™ relate to the deformation vibrations of the methylene group at the double bond [6]. The 
band 1578 cm™ relates to the vibrations of the phenyl ring, and its intensity is considerably increased because of 
interaction with the conjugated double bond [7]. 2) New absorption bands appear in regions 1376, 1250, and 1220 cm”, 
2) There is a small displacement of the band for the benzene ring vibrations at 1605 em”, and at the same time its 
intensity is enhanced, In order to demonstrate that these spectral changes in the case of diphenylethylene are not 
due to the dimer in the systems under study, we measured spectra of dimeric DPhE in a DPhE solution (Fig. 3), There 
are two additional bands in the spectra of that system, which do not exist in the spectrum of the monomer, Obviously 
the band 1665 cm~ is related to the valence vibrations of the C =C bond in the dimer, The band 1285 cm+ possibly 
relates to the deformation vibrations of CH at the double bond [6]. Neither band exists in the infrared spectra of the 
systems DPhE with SnGl, and CgHsSnCl,; this is an adequate criterion to show that the changes in infrared spectra 
noted above are caused by intermediate products of the reaction of DPhE with tin halides, and not by a dimer, In 
spectra of tricomponent systems SnClq + DPhE + dimer DPhE (Fig. 3) and CgHgSnClg + DPhE + dimer DPhE the bands 


related to the double bond in the monomer, 1612, 1400, 1335 cm~ as well as to the dimer double bond 1665 and 1285 
cm™, disappear, and in addition to the new bands in regions 1376 cm~! and 1220 cm™! there _ appears another band 
in region 1525 cm™, This indicates that the dimer also forms complexes with SnCk and CgHsSnCl,. 


TABLE 1, Infrared Spectra of DPhE, Dimeric DPhE, and the Systems DPhE with SnCk 


and CgHsSnCl, 
|. | | + | | as 
5/82/08 2) 28 | ee | | 
| | | 
—_ — — | 1665 1420 } 1420 | 
— | 1640 | 1640) — 1400 1400 
1612); — — — | 1612 1376 | 1372 | 1372 1378 | 1378 
1605} — — — | 1605 1335 1338 | 1337] 1335 | 1333 | 1341 
1595 | 1595 | — - 1595 | 1595 41328 
1578 | 1575 | 1572 | 1570} 1578 | 1578 | 1578 1307 | 1310 | 1310 
1522 | 1525 1285 | 1295 
1495 | 1490 | 1490 1495 | 1495 | 1495 | 1250 1222 | 1219 
1480} 1480 | 1480] 1480 | 1480 | 1480 4222} 1213 
1450 | 1445 | 1445 1450 | 1447 | 1450 }1185 | 1190} 1190 | 1195 | 1185 1190 | 1197 
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Fig. 1, Electron spectra of benzene 
solutions of systems a) CgHsSnCl, + Fig. 2, Infrared spectra of DPhE (1), 
+ DPhE: 1) CgHsSnCl, + (CgHs),C = SnCl, + DPhE (2), CgHsSnCl, + DPhE 
= 2) CgHsSnClg, 3) (CgHs)gC = (3), CgHsSnCly (4). 
= CHe; = 9-082 mole/ 
liter, b) SnCly+ DPhE: 1)SnCk + Evans et al., as given in [8], studied the dimerization 
+ (CgHs pC = CH2, 2) SnCly, 3) (CgHs)eC = of DPhE in the presence of SnCk. They related two 
= CHe; Cgncy, + 0.056 mole/liter, absorption bands (480 and 600 my) to two types of inter- 


mediate products as formed in those systems: The first to 
the carbonium ion of the type CrgMe* and the second one to a m-complex. We measured the dipole moment of 
DPhE in the presence of excess SnCl, in benzene, and it was 1D, This value is about 0,7-0.8D higher than the 
dipole moment of DPhE in benzene [9]. A complex of SnCk with benzene [4] has about the same dipole moment 
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(0.87D). If a considerable portion of the complex of DPhE 
with SnCl, were present as an ionic type compound, then the 
dipole moment would be considerably higher. Thus, rela- 
ting the band 480 my to the presence of carbonium ions [7] 
is not convincing. 


The absorption band in the 610 my region in the 
systems studied can be related to the ™-complex. According 
to data given by A, N, Terenin et al., in[10], when a 
complex is formed between cyclohexane and SnCk, the 
frequency of the valence vibrations of the double bond is 


Transmission 
> 


JO lowered to 115-195 cm-1, and in addition, there appear 
20 absorption bands in the regions 1400-1340 and 1220 cm™, 
10} In the infrared spectrum of systems SnC + DPhE + 


al dimer DPhE and CgHgSnCl, + DPhE + dimer DPhE there is an 
1700 1600 1500 1400 1300 1200 1100 cm absorption band in region 1525 cm”, and it obviously should 
be related to the frequency, lowered to 140 cm”, of 
valence vibrations of the ™-complex double bond in the 
dimer with tin halides, When we consider that this is 

about the lowering in the frequency of vibrations for the 
double bond in the -complex monomer with tin chloride and phenyltin trichloride, then the band relating to that 
vibration should lie in the 1470-1500 cm™ region, Unfortunately, in the system CgHgSnCls + DPhE this region is 
covered by absorption bands of the pure components and is very difficult to analyze, An intense broad absorption band 
appears in the spectrum of the system SnCl, + DPhE at 1480-1490 cm, with two peaks (maxima), One of these 
doublet components is the absorption band of DPhE itself, and the second can be considered a mixed band of the 

C =C bond in the -complex of DPhE with SnC\. 


Fig. 3, Infrared spectra of DPhE + dimer DPhE (a), 
SnCl, + DPhE + dimer DPhE (b). 


The appearance of new bands in regions 1376 and 1220 cm”, analogous to those of the ™-complex of cyclo- 
hexane with SnCl, [10], can be further indication of the formation of ™-complexes in the systems studied, In 
contrast to the systems SnCk + DPhE and CgHsSnCls + DPhE, we observed no formation of any kind of m -complexes in 
the system (CgHs)SnCl, + DPhE, Benzene solutions of (CgHg)pSnCl, + DPhE are colorless, and there is no change in the 
infrared spectrum from that of the components. 


Consequently, the sequence of compounds established above in regard to complex formation with dioxane is 
still valid for complexes with monomers, One can conclude from the material given here that it is not only the tin 
tetrachloride which is active in the polymerization of olefins, but probably also the phenyltin trichloride, 


In contrast, diphenyltin dichloride apparently is practically inactive, This conclusion agrees with data given 
in [4]. 
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It is known that hydrocarbons of the cyclopropane series sharply differ in some of their chemical and physical 
properties from other cycloparaffins and are similar to olefins, The three-membered ring, like a double bond, when 
next to an unsaturated group gives a system similar to a conjugated one [1]. 


It was impossible to explain the abnormal properties of cyclopropane from the viewpoint of classical concepts 
of its structure, and for this reason its structure has been repeatedly disputed and is up to this time an object for 
discussion, The resulting accumulation of experimental facts capable of substantiating this or that viewpoing on the 
structural of cyclopropane presents a significant and interesting problem. Much has already been accomplished in that 
direction, A verification of the most fundamental hypothesis, according to which the hybridization of carbon atoms 
in cyclopropane is close to a triangular one [2-4], seem to be the following: Studies on calculating force constants 
of CH~-bonds [5], measurements of the H~C—H angle in cyclopropane [6], studies of combination scattering spectra 
of conjugated hydrocarbons in that series [7], their reactivities [8-11], etc. In this connection a study of the heats of 


combustion of cyclopropane hydrocarbons is of considerable interest, especially since very little has been accomplished 
in that direction so far [12, 13]. 


We report here the results of determining the heats of combustion of phenylcyclopropane, 1,1-diphenylcyclo- 
propane, and two stereoisomeric 1,2-diphenylcyclopropanes, Synthesis of the hydrocarbons, their combination scatter - 
ing spectra, and studies on their reactivities in catalytic hydrogenation were reported earlier [7-10], Those indicated 
an existence of conjugation between the three-membered ring and the phenyl rings in phenylcyclopropane and 1,2- 


diphenylcyclopropanes, but in 1,1-diphenylcyclopropane this was practically absent. The reason for that phenomenon 
is considered here, 


It is known, that the effect of conjugation manifests itself in the heats of combustion, Thus for isomeric dienes 
with different dispositions of the double bonds, the smallest heats of combustion are found with the conjugated systems, 
It should be kept in mind, however, that the magnitudes of heats of combustion alone do not unequivocally indicate 
the presence of a conjugation effect in the compounds under consideration, since other structural features, such as 
steric interaction, can also change the magnitude of the heat of combustion, But in combination with other facts 
(spectra of combination light scattering, behavior of substances during chemical reactions) the heats of combustion 
can be used to estimate the effect of conjugation in the substances under study, 


The compounds were burned in a calorimetric bomb, into which they were put in sealed, thin-walled, glass 
ampoules, The method of measuring the heats of combustion was reported earlier in[14], Table 1 gives the physico- 
chemical constants of all substances mentioned above, the change in enthalpy (H®) during their combustion and the 
enthalpy of formation (AHP) in kilocalories per mole (1 cal = 4.1840 absolute joule), The data relate to the liquid 


state (super-cooled for cis-1,2-diphenylcyclopropane), The error values are given as double the average quadratic 
deviation from the average result, 


The enthalpy of formation of these compounds from simple substances at 25° was calculated on the basis of 
experimental data on enthalpies of their combustion and known heats of formation (AHP CO, g) and H,O (liquid), 
which were taken as 94,052 and 68,317 kcal/mole [12], respectively, 


Table 1 shows that the ratio of CO, quantities found analytically (absorption of CO, on ascarite) in the combus- 
tion products to the quantities of CO, calculated on the basis of weighed out substance used for the combustion is 


close to unity, which is a criterion for complete combustion and the purity of preparations used, 


The results thus obtained lead to certain conclusions about the effect of conjugated on the compounds under 
question, 


TABLE 1 


20 20 CO: found 
in OC kcal/mole | kcal/mole “~? calculated 
Phenylcyclopropane 1,5337|0,9415) 1212,0+ 0,21 19,040,2 0,9997 
trans-1,2-Diphenylicyclo- 
propane 15,3 |1,5997|1,0346] 1928,7+ 0,6) 39,7+0,6 |1,0000 + 0,0001 
cis-1,2-Diphenylicyclo- 
propane 36,7 |1,5887/4 ,0290) 1951,7+ 0,2} 42,720,2 |1,0002 +0,0004 
1,1-Diphenylcyclopropane 1 ,5878/4 ,0330) 1933,3+ 0,8! 44,320,8 11,0004 +0,0001 


Evaluation of the degree of conjugation in phenylcyclopropane, The degree of conjugation was obtained as the 
difference between the experimentally determined heat of combustion of phenylcyclopropane and the calculated value 
assuming no combustion, The calculation consisted of summarizing the increments (contributions) of the phenyl and the 
cyclopropyl radicals, The increment of the phenyl radical is easily found from values of the heats of combustion of 
various monoalkylbenzenes [12] and it equals 749,7 +0,1 kcal mole, The increment of the cyclopropyl] radical can 

be found from reliable heats of combustion established recently for 1,1-dimethyl-2-alkylcyclopropanes [13] by cal- 
culating, from experimental heats of combustion, increments per a) an alkyl radical and b) two methyl groups con- 
nected to one carbon atom (the latter value is very similar whether determined from 1,1-dimethylcyclanes or from 

2,2- or 3,3-dimethylalkanes) [12], In the case of the cyclopropyl radical the increment in heat of combustion from 
that calculation is 464.1 40,5 kcal/mole, In this manner the heat of combustion of phenylcyclopropane calculated 
from increments is 1213.8 + 0.6 kcal/mole. The difference between the calculated heat of combustion (1213.8 
kcal/mole) and the one found experimentally (1212.0 + 0,2 kcal/mole) is 1.8 + 0.8 kcal mole, and it can be inter- 
preted as that quantity which characterizes conjugation in phenylcyclopropane, The result thus obtained indicates 

that in this case the conjugation is weaker than it is in the case of dienes (about 6 kcal/mole), 


Evaluation of the relative effect of conjugation in diphenylcyclopropanes, It is not possible to make calcula- 
tions analogously to the aforementioned in the case of twice substituted phenylcyclopropanes, since there are no 
experimental data allowing us to determine the increment in heat of combustion of the radical 


H H 
Aj 
H 

Nel 


Thus for diphenylcyclopropanes we had to limit ourselves to a comparative evaluation of the effect of conju- 
gation, i,e,, to compare the heats of combustion and heats of formation, trans-1,2-Diphenylcyclopropane has the 

smallest heat of combustion, and 1,1-diphenylcyclopropane the largest, The difference in their heats of formation 
is 4.6 kcal mole; the difference between the heats of combustion between cis- and trans-1,2-diphenylcyclopropanes 
is 3.0 kcal/mole, It follows, that trans-1,2-diphenylcyclopropane has highest conjugation. This finding fully agrees 


with conclusions about the relative conjugation in those compounds based on their conformations analysis and spectra 
of combination light scattering [7]. 
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Dialkyl esters of orthophosphoric acid (RzHPO,) have recently assumed considerable significance in extractive 
separation of metals[1-11]. The data published points to the conclusion that use of dialkyl phosphates assures 
higher distribution and separation coefficients for rare-earth elements (r.-e,e.) than extraction with tributyl phosphate 
(TBP); the difference is particularly marked in solutions of low acidity, Distribution coefficients in extraction with 
dialkyl phosphates increase with atomic number of lanthanides, this also having been established in the case of tri- 
butyl phosphate, Increase in concentration of r.-e,e, nitrates in aqueous solution results in decrease in distribution 
coefficients in extraction with dibutyl phosphate, This decrease is evidently connected with the limited solubility of 
the compounds being extracted in dibutyl phosphate solutions in nonpolar solvents, 


The separation coefficient for adjacent lanthanides in extraction with di¢{2-ethylhexyl) phosphate, according to 
the data of Peppard and co-workers [1], is equal to 2,5; in extraction with dibutyl phosphate, according to the data 
of Duyckaerts and co-workers [11], is 1.95 for light lanthanides and 2,6 for heavy ones, Using TBP, the separation 
coefficient for nitrates of adjacent lanthanides lies in the range 1 to 2, depending on extraction conditions [12, 13]. 


Extraction and separation of r,-e, elements with dibutyl phosphate has received little investigation, although 
reactions in which this compound participates are of undoubted interest. In connection with the facts presented by 
us, a study was made of the composition of complexes formed on reacting r.-e.e. ions with dibutyl phosphate, their 
instability constants determined, and also separation of several pairs of r.-e.e. carried out. 


The metallic ions react with dialkyl] phosphates according to the reaction 


M** + nHA = MA, + nH", (1) 
where HA is a monobasic acid, a dialkyl phosphate, in our case dibutyl phosphate (CgHyO),HPO2, designated HDBP, 


The magnitude of n, i.e., the number of dibutyl phosphate molecules reacting with the matallic ions, was 
determined from the data of distribution of the indicated amounts of r.-e,e, at constant nitric acid concentration 
depending on concentration of HDBP in CC. n was determined as the tangent of the angle of inclination of the 
curve log q,, ~ log [HDBP] (q,,, is the r.-e.c, distribution coefficient, equal to [Mlorg/(M], ). It was found that 
for neodymium and praseodymium n = 3; this agrees with the data obtained in other investigations for r.-e.e. [2, 5, 
11). 

Dibutyl is dimerized in nonpolar solvents [5, 14], consequently the composition M[H(DBP) k is assigned to its 


compounds with metals formed during extraction, These compounds, according to Peppard [4], are intracomplex and 
have the structure 


O—H.--O 
x4 
Wh 


In the investigation of the conditions for formation of simple and complex r.-e.e. compounds with dibutyl 
phosphate we employed the following methods: fractional extraction of the metal form aqueous solutions with HDBP 
solutions in carbon tetrachloride, isolation of the compounds and their chemical analysis, determination of the 


solubility of individual compounds in dibutyl] phosphate solutions in a nonaqueous solvent, and r,-e.e, distribution 
between aqueous and nonaqueous phases, 


In fractional extraction of yttrium from aqueous solution with solutions of dibutyl phosphate in CC, it was 
found that all the yttrium is extracted by the nonaqueous phase on improvement of the ratio HDBP (g-mole)/Y (g-at). 


This indicates that if there is no excess dibutyl phosphate the compound formed is not solvated by it and has the 
composition M(DBP),, 


Individual solid compounds of neodymium and ytterbium were obtained on mixing in various proportions 
solutions of the corresponding nitrates with dibutyl phosphate or an alcoholic solution of it. The precipitates obtained 
were washed from the free component with water in the case of excess rare-earth metallic nitrate and with ether in 


the case excess dibutyl phosphate, The compounds were dried over phosphoric anhydride, and corresponded to the 
composition M(DBP),, 


The experiments described did not confirm the 
formation of complex r.-e,e, compounds with a greater ratio 
7 whi mah than 1: 3 for number of dibutyl phosphate molecules to r,~-e.e, 
(BBP, Senetiiie) we In this connection, we also studied the solubility of M(DBP), 
n 4° 


mole / ((HDBP)q| log S | log K in solutions, using the radioactive isotope 
er 


From the data of Table 1 it is seen that with increase 
0,0005 1,25 —5,90} —0,95 in concentration of HDBP in solution, solubility of Yb(DBP), 
0,0010 3,68 —5,44| —0,96 


| —4'73| —0'83 increases, indicating the reaction 
0,0050 | 32,0 —4,50] —1,05 


+ ,(HDBP), b{H(DBP (2) 


Assuming that concentration of the complex formed is equalto the solubility S, the equilibrium constant for 


formation of the complex can be calculated and the number of dibutyl phosphate molecules entering reaction (2) 
determined: 


{H(DBP), 
~ [Yb(DBP),] [(HDBP))]" ’ 


or, since in presence of a solid phase [Yb(DBP),] can be considered constant, 
4 


From the slope of the curve of log S ~n log [(HDBP))] it is found that n = 1.5, This affords a basis for concluding 
that with excess complex-forming agent the compound Yb(DBP), * ZNDBP or Yb{H(DBP),} is formed, 


The equilibrium constant K", characterizing the energy of combination of the solvating molecules, is calculated 
from Eq, (4) and is equal to ~0,1, this confirming a weak bond between YK(DBP), and dibuty! phosphate, 


Dyrssen and Hay described the formation of the complex M[H(DBP), or Ma,(HA), during extraction by the 
equation: 
+ 3A” + 3HA 


From this, the equilibrium constant K is determined from the relationship: 


[Mag(HA )s 
[M™ PaqlHAT aq 
To determine the degree of electrolytic dissociation of the complexes studied in the aqueous phase, we 
measured the molecular electroconductivity of a saturated solution of NA DBP), (6.2+ 10+ mole /liter) at 20° and 


found it equal to 235.5, i.e., in aqueous solution the r.-e.e. complexes with dibutyl phosphate are dissociated to 
a considerable extent. 


Since in Eq, (6) the ratio a ] 8 can be substituted by the distribution coefficient q,,,, the equilibrium 
aq 


constant K can be represented by the equation 


| 


log K = log dn 78 log [A~] —3 log [HA] (7) 


Using the distribution constants found in the literature for dibutyl phosphate between solutions of nitric acid and 
a nonaqueous phase, and also the dimerization and dissociation constants for dibutyl phosphate in such systems [16, 17], 
we determined the value of log K for complexes of praseodymium, neodymium, and ytterbium with a dibutyl phos- 
phate of the type M[H(DBP)}s. These values, equal respectively to 15,0, 15,3, and 18,5, coincide with the value of 
log K = 16,8 found by Dyrssen for a similar europium complex [15]. 


The wide difference in stability of complexes of the elements yttrium and cerium on extraction with dibutyl 
phosphate can be used in their separation, 


TABLE 2, R,-e.e. Separation Coefficients on Extraction with TBP and HDBP 


| 
| 
| 


of Separation os | | Separation 
\aa°8 coeff, Pai | | Qn, g | | coeff. 

aa ~ t | ~ ~ t 
Nd — La 0,52} 1,0 Ho—Nd | 0,53 | 0,05 | 1:99 93 
Nd —La |17,0 434-1056 7.0 | Ho—Nd | 0,53 | 1,0 1:99 139 
1:1 | Ho—Nd 1,0 1:1 | -— | 466 
Hey i 


As shown by the data of Table 2, the separation coefficients in extraction with dibutyl phosphate depend on 
the position of the elements in the lanthanide group, on content of nitric acid in the aqueous phase, concentration of 
dibutyl phosphate in the nonaqueous, and on the ratio of the elements being separated in their mixture, Thus, for 
instance, the average separation coefficient for neighboring lanthanides, calculated from the separation coefficient 
for the pair Nd—Ho, changes from 1,9 to 2,4 in our experiments, depending on the extraction conditions, 


On re-extracting theelements from the nonaqueous phase, additional separation can be achieved, making use 
of the different stability of r.-e.e, complexes with dibutyl phosphate, Thus, elements of the cerium group are 
precipitated from the nonaqueous phase by oxalic acid; ytuium elements, including yttrium, are not precipitated 
under these conditions, as a result of which additional separation proceeds, Yttwium elements can be isolated from 
solution in dibutyl phosphate using caustic soda, As an example can be quoted the results of one of the experiments 
in separation of neodymium and holmium from a mixture containing 10 moles % of Ho(NOgs), on total nitrates, in 
which after carrying out one purification cycle (exwaction andre-extraction)99,4% of neodymium oxide of purity 
99.2% and 98.7 of holmium oxide of purity 99.8% were obtained, 


LITERATURE CITED 


- Scadden and N, E, Ballou, Anal, Chem, 25, 1602 (1953), 

. Peppard, G. M. Mason, et al., J. Inorg. and Nucl, Chem, 4, 334 (1957), 

- Peppard et al., J. Inorg. and Nucl, Chem, 4, 344 (1957); 5, 141 (1957), 

- Peppard, G, W. Mason, et al., J. Inorg. and Nucl, Chem, 7, 276 (1958), 

. Dyrssen, Acta Chem, Scand, 11, 1277 (1957), 

. Dyrssen, J, Inorg, and Nucl, Chem, 8, 291 (1958). 

. S, Chernyak and M, L, Navtanovich, 33, 85 (1960), 

. V. Healy, and J, Kennedy, J. Inorg. and Nucl, Chem, 10, 128 (1959), 

. B, Shevchenko et al., 3, 1955, 1959 (1958); Atomnaya énergiya 5, 542 (1958); 6, 140 (1959), 
E. Kriss and Z, A. Sheka, 5, No, 10 (1960), 

Duyckaerts, Ph, Dreze, and A. Simon, J, Inorg, and Nucl, Chem, 13, 332 (1960), 

. F, Peppard, J, R. Faris, et al., J, Phys. Chem, 57, 294 (1953), 

- Scargill, K, Alcock et al., J. Inorg. and Nucl, Chem, 4, 304 (1957), 

. F, Peppard, J, R, Ferraro, and G, W, Masor, J, Inorg, and Nucl, Chem, 4, 371 (1957), 
. Dyrssen and L, D, Hay, Acta Chem, Scand, 14, 1100 (1960), 

- J. Hardy and D, Scargill, J. Inorg. and Nucl, Chem, 11, 128 (1959), 

. Dyrssen and L, D, Hay, Acta Chem, Scand, 14, 1091 (1960). 


- 
mann 


an 


oO 


. 

. 


w 


16. 
17. 


= 


ISOLATION OF (+)-5-CADINOL FROM THE RESIN OF 
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On analysis of the heavy cedar oil obtained in the commercial treatment of the resin from the Siberian cedar 
(Pinus sibirica Rupp. Mayr), a sesquiterpenoid alcohol was isolated with composition CygHggO and m.p, 137, [aD 
+ 111,94, readily sublimable in vacuo [1]. 


In the present work, this alcohol was isolated by adsorption chromatography on aluminum oxide from the 


neutral portion of the cedar resin; after recrystallization and sublimation, it had the following constants: m.p. 141°, 
+ 118.4”, 


On saturating the sequiterpenoid alcohol with gaseous hydrogen chloride in a moist ethereal medium, (+)- 
cadinene hydrochloride was obtained with m.p, 118’, [aD + 38.6°. On oxidation with osmium oxide a crystalline 
triol was obtained with m.p, 157. 


The infrared spectrum of the alcohol appeared identical to the spectrum of (—)- 6-cadinol [2], isolated pre- 
viously from the ethereal oil of the juniper (Juniperus communis L.), for which was proposed structure 1[3], From this 
data, to the alcohol from Siberian cedar resin can be definitely ascribed the structure of 5-cadinol, its optical pro- 
perties and the properties of the dihydrochloride indicating that it is an optical isomer antipode of (—)-6-cadinol, 
Thus, its configuration can be represented by Formula II 


In the literature [4] is described so-called torreol (from Torreya nucifera) with m.p, 139-140 and [ aD + 
+ 107,1°, The Japanese authors communicate that torreol gives a cadiene hydrochloride, but in contradiction to this, 
communicate that on oxidizing torreol acetone is obtained, Comparing these facts and our data, we consider that 


torreol is identical to the (+)- 6-cadinol isolated by us and that its structure therefore can be represented by Formula 
Il, 


The so-called sesquigeol obtained by Sebe [5], and from Pinus pentaphylla possess constants very near to the 
constants of (+)-6~-cadinol (m.p. 135.5°); Laf’p + 99,5°). Sebe isolated (+)-6-cadinene hydrochloride from ses- 
quigeol, This affords a basis for considering that sesquigeol is also identical to (+)- 6-cadinol. 


EXPERIMENTAL 


Isolation of 5-Cadinol, 120 g of cedar resin was treated at room temperature with 1% aqueous caustic soda 
solution, By ether extraction 30 g of neutral substances was obtained, and was then chromatographed on neutral 
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aluminum oxide (1.5 kg). Elution was carried out with petroleum ether with subsequent addition of 15 and 50 
benzene, benzene, and alcohol, On eluting with benzene, a crystalline fraction was obtained (450 mg). The 


crystals obtained were recrystallized from petroleum ether and sublimed under vacuum; m.p. 141° and [aD + 118.4 
(C = 2,87, alcohol). 


(+)-Cadinene Dihydrochloride, Gaseous hydrogen chloride was bubbled through a solution of 6-cadinol (300 mg) 
in moist ether (5 ml) for 4 hours, The resulting crystals after three recrystallizations from ethyl acetate had m.p. 118° 
and [afd + 38.6° (C = 3.68, chloroform). 


Cadinane-1,4,10-triol. To 50 mg of 5-cadinene in dry ether (4 ml) was added a solution of OsO4 (62 mg) in 
dry ether (4 ml) and pyridine (0.3 ml). After 48 hours, crystals precipitated, and were treated in the manner described 
in [6]. The triol isolated had m.p. 157 (petroleum ether and benzene 3: 1), 


Found %: C 70.17; H 10,74. CygH9g03(256.4). Calculated %: C 70,27; H 11.01. 
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G. A, Razuvaev, N.S, Vyazanki, andO, A, Shchepetkova [1] recently established that hexaethyldistannane in 
benzene solution at room temperature reacts with benzoyl peroxide, triethyltin benzoate being formed, The reaction 
is represented by the equation 
(CoHs)e Sng (CoHsCOO), 2 SNOCOC,Hs. 
(CoHs)350 
6 


it 
C0 +0-C—Coly 


Since neither benzoyl peroxide nor hexaethyldistannane decompose at room temperature, their ready reaction 
is explained by formation of an intermediate complex or other complexes with four — or eight — membered rings, 
Hexaethyldiplumbane reacts similarly with benzoyl] peroxide, 


In the present work, the thermochemistry of the reaction between hexaethyldistannane and benzoyl peroxide is 
studied, dibutyl phthalate being used as the solvent after careful consideration, The main object was to determine 
the thermal effect using two methods: directly, i.e., from heat evolved in the reaction, and from the heat of com- 
bustion of the reagents, according to Eq. (1), It was kept in mind that coincidence of the respective results would be 
conclusive proof of the absence of side reactions, In addition, it was of interest to compare the stability of the atomic 
bonds being broken and formed during the reaction, and also to compare the energy of the Sn—Sn and Sn-C bonds, 


Direct determination of the thermal effect of the reaction was carried out using the precision adiabatic calori- 
meter described by S, M, Skuratov [2]. The apparatus was improved by introduction of three additional jackets, which 
facilitated attainment of adiabatic conditions in the thermal system. 


The benzoyl] peroxide solution was placed directly in the calorimetric vessel, and the hexaethyldistannane 
kept in an evacuated ampoule prior to removal, the ampoule being lowered into the vessel, The heat associated with 
mixing the distannane with the peroxide solution and with fracture of the ampoule was determined and allowed for, 


The heat capacity of the calorimetric system, including the peroxide solution and the ampoule of distannane, 


was determined before each experiment, In this regard, heating by electric current was employed and the usual 
apparatus for calorimetry used, * * 


Initial reagent concentration was of the order of 0,1 mole/liter, Experiments were carried out at 40°, since 
at lower temperatures the reaction proceeds very slowly, Duration of the experiment was about 10 hours, After this 
time, concentration of initial substances decreased by about 20%, temperature increase in the calorimeter amounting 
to about 2, and amount of heat evolved 35-40 cal; accuracy of determination of this value was about 1%, Control 
experiments showed that heat evolved when only a hexaethyldistannane or a benzoyl peroxide solution was in the 


calorimeter after 10 hours at 40° amounts to less than 0.5% of the thermal effect of the reaction between these 
substances, 


*A.S. Kirillova took part in the synthesis of hexaethyldistannane and analysis of reaction mixtures, 
**In the calculations it was assumed that 1 cal, = 4.1840 Joules, 


TABLE 1, Data of Direct Measurements of Thermal Effect 


Mmole reacted ofreaction, kcal/mole 
Expt. - — —AH of re- 
No. of peroxide | of stannane| action, using per- | using stan-| Average 
kcal/mole | oxide = | 
1 0,375 0,305 ‘0,6 108 103 105 +3 
2 0,355 0,385 117 107 412 +5 
0,310 0,335 | 30.4 113 104 108 +4 
TABLE 2. Heats of Combustion 
—AH, kcal/mole —AH, kcal/mole 
Substance ccord. to 
Lit, 
1551431 1546(4 | (Cell;COO), 
2379 +3] 1523 () (CoH 5)sSnOCOC, Hs 1907 +4] 1552 (*) 
853. 


Heat of combustion was determined in a bomb calorimeter, The apparatus had a series of special devices for 
decreasing the heat capacity of the medium, The heat equivalent of the calorimeter was determined with standard 
benzoic acid (AH® = 6323.8 + 5 cal/g) with an accuracy of 0.1%, Corrections usual in measurement of heats of 
combustion were carried out. Accuracy of the operation of the apparatus and the method was verified by determining 
the heats of combustion of chemically pure benzene and glycerin, Our values for these substances coincided with the 
corresponding data in the literature [3] with an accuracy of 0.1%, Since A, A, Balandin with co-workers [4], using 
X-ray structural analysis of the combustion products of tetraethyltin, showed that combustion in a calorimetric bomb 


proceess until tin dioxide is formed without traces of its oxide or of metallic tin, we considered that the combustion 
of hexaethyldistannane proceeds in the same manner, 


Analysis of hexaethyldistannane and benzoyl] peroxide mixtures was carried out iodometrically, Distannane was 
first back-titrated with iodine solution (the reaction proceeds with formation of triethyltin iodide), Then, to deter- 
mine peroxide, excess potassium iodide was added, the solution acidified, and the iodine evolved back-titrated with 
hyposulfite. Accuracy of this analytical method was 2-3%, 


Synthesis of hexaethyldistannane is described in [5], and of triethyltin benzoate in[1]. All substances used 
were carefully purified, On fractional distillation of distannane, the fraction boiling between 161 and 162 at 23 mm 
Hg was withdrawn; 1°D 1.5377. The benzoate had m.p. 78-79. The tetraethyltin boiled at 177.8° (760 mm) and 
had n°°D 1.4716, Corresponding data in the literature: 175-178.5° and 1.4717-1.4722 [4]. 


Results of calorimetric determinations are given in Table 1, From this data it follows that the average value of 


the thermal effect of the reaction in solution ~ AHS01n = 108 + 5 kcal per 1 mole of hexaethyldistannane or benzoyl 


peroxide, This value applies at an experimental temperature of 40, However, calculation showed that the cor- 
rection for bringing AH to 25° is within the limits of the error in the experimental value of the thermal effect. 


Data on heats of combustion is given in Table 2, In addition to the reagents in (1), tetraethyltin was studied. 


Its heat of combustion was necessary for calculation of the energy of the Sn—C bond, since data in the literature [4, 6] 
on this value is rather inconsistent. 


Calculation of the thermal effect of reaction (1) according to the data of the authors on heats of combustion of 
hexaethyldistannane and triethyltin benzoate and the value accepted in the literature [3] for the heat of combustion of 
benzoyl peroxide* leads to the result: — AHS t, = 117 £5 kcal per 1 mole of any of the initial substances at 25°, 
This value refers to the reaction between liquid hiéxaethyldistannane and solid benzoy] peroxide with formation of 


*Breitenbach and Derkosch in [7] cite a value of 1560 and in [8] of 1564 kcal/mole for AH® of benzoyl peroxide, 
However, from [7] it follows that these values cannot be considered reliable. 
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solid triethyltin benzoate, i.e,, to the reagents in their normal state (n.s.), The thermal effect of the reaction in 


solution can be calculated from Eq, (2) if the heats of solution of the reagents ( AH Sect ) in dibutyl phthalate are 
known 


soln _ ans. 
AHreact 


—aAypheds tetb 


(where the indexes signify: soln— solution, n.s,— normal state, bp — benzoyl peroxide, heds — hexaethyldistannane, 
tetb— triethyltin benzoate), 


Special experiments on the determination of these heats*, performed in the adiabatic calorimeter described 
above at 25°, gave the following results: 


Benzoyl] peroxide = 6.9 kcal/mole 
Hexaethyldistannane AH€4S 0,9 kcal /mole 


Triethyltin benzoate = 1,1 kcal/mole 


From the calculation of this data, it is found from (2) that the thermal effect of process (1) in solution — aHso!n 
= 111 4 5 kcal per 1 mole of peroxide or distannane (25°), Consequently, calculation of the thermal effect of rr 
reaction hexaethyldistannane with benzoyl] peroxide from the heats of combustion of the reagents according to Eq, (1) 
gave a result in good agreement with the value of the same thermal effect obtained by direct conduct of the reaction 
in the calorimeter, From this it is clear that the reaction studied proceeds only according to Eq. (1) in an inert solvent. 


From the heats of combustion and vaporization of the liquids studied and from data in the literature on heats of 
formation of the combustion products [9] and of the individual atoms, the following were calculated: heats of forma- 
tion for the condensed (AHf9F™ ) and gaseous (AHform) phases, heats of atomization of tetraethyltin and hexaethyl- 
distannane, heats of formation of solid benzoyl peroxide and triethyltin benzoate (Table 3), For the heat of atomi- 

zation of carbon the value 171.3 kceal/g-atom was taken, 


TABLE 3, Heats of Formation of A tomization calculated at the time from the reliable data of [10, 4]. 
25° (in kcal /mole) Heats of atomization of hydrogen (52.1 kcal/g — atom) and 
; of tin (70 kcal/g-atom) were taken from (11). 
The heat of vaporization of tetraethyltin was calcula~ 
Substance 4 ted from the empirical formula of Klages [12]. The heat of 
vaporization of hexaethyldistannane was calculated from the 
(CoHs),Sn 24 | 42 | 42 | 2494 Clausius-C lapeyron equation, starting from the fact that 
37 3896 at 23 mm Hg this substance boils at about 161,5°, and at 
(CgHs;COO), 
(CoH,)gSnOCOC, Hs 137 17 mm, at about 154°, Accuracy of the data in Table 3 


is several kilocalories per mole, 


From the heats of atomization of tetraethyltin and from the average values of the energy of C—H (98,75 kcal) 
and C—C (82,87 kcal) bonds, the energy of the Sn—C bond was calculated, The energy of the Sn—Sn bond in hexa- 
ethyldistannane was calculated similarly, it being assumed that to within an accuracy of 1 kcal the Sn—-C bond in 
this compound has the same energy as in tetraethyltin, The following results were obtained: for the Sn—C bond in 
(CgHs Sn, 46.9 + 1 kcal (data in the literature 48,4 [4] and 53.9[6]** ); for Sn—Sn in (C,Hs)Sm, 50 + 10 kcal; 
for in (CgHs »SnOCOCg,Hg, 95 + 10 kcal. 


The value of the energy of the Sn-C bond in tetraethyltin obtained by the authors and the corresponding value 
cited by A. A. Balandin and co-workers [4] differ by 1.5 kcal. Thus the average value 47.6 + 0.8 kcal used by us in 


further calculations can be considered correct, while the value consequent on the data of Long and Norrish [6] is 
evidently 6 kcal too high, 


A value of 50 + 10 kcal was obtained by the method indicated above for the energy of the Sn—Sn bond in hexa- 
ethyldistannane, This value had not been determined previously, Pedley, Skinner, and Chernik [14] calculated the heat 
of formation of (CHs}Snz from the data on the heats of bromination of this compound and of (CH 3),Sn and on the heats 


*The integral heats of solution of 0,1 mole of substance in 1 kg of solvent were determined, 


** These values were calculated by us from the pertinent data in the works [4, 6], starting from the now-accepted 
heat of atomization of carbon— 171.3 kcal/g-atom. 


| 


of formation of Bry, CH,Br, and (CHg)4Sn. From further calculation on the average energies of the bonds they found 
that the energy of Sn—Sn in (CHg Sng probably amounts to ~40 kcal, In this regard, it was assumed that the energy 
of Sn—C in (CHg)gSng and (CHg)Sn is identical, Moreover, other errors in the calculation amount to about 5 kcal, in 
so that the total possible error is evidently equal to 10 kcal, Since the error in our calculation of the energy of Sn—Sn 


(CgHs gSg is probably 10 kcal also, we do not exclude the possibility of a lower limit for the value of this energy, 
i.e., 40 kcal. 


The energy of the Sn—O bond in triethyltin benzoate can be calculated approximately from the energies of the 
O-O [13] and Sn—Sn bonds and from the thermal effect of reaction (1) if this is applied to the reagents in the gaseous 
phase, for which it is necessary to known their heats of volatilization, Judging by the corresponding heats of solution, 
it can be justifiably assumed that the doubled heat of volatilization of triethyltin benzoate exceeds the sum of the 


heat of volatilization of benzoyl peroxide and the heat of evaporation hexaethyldistannane by 5 + 5 kcal, In this case, 
the result is that the energy of Sn—O amounts to 95 + 10 kcal, 


The authors express their thanks to N. S, Vyazankin for assistance in synthesis of the compounds, 
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In connection with the systematic investigation of semiconductor compounds of antimony with elements of the 
second group of the periodic system, the system Cd—Sb was subjected to a thorough scrutiny, According to published 


data [1], cadmium forms only two compounds with antimony, CdSb and Cd,Sb,. The first compound is regarded as 
stable and the second as metastable, 


We investigated the Cd—-Sb system by the methods of thermography and X -ray diffraction and by determining 
the microstructure, microhardness, electrical conductivity, and thermal EMF, The alloys on which the electrical 
conductivity and thermal EMF were determined has been prepared from cadmium containing no more than 5+ 10% 
of impurities and from antimony of the grade Su000, Cadmium of the grade Kd0 and antimony of the grade Su00 were 
used for the other determinations, The precision of weighing amounted to 10~ g- 


Altogether three series of alloys were investigated, 
which had been prepared by melting together the components 
in pyrex tubes evacuated to 7*10-* mm of Hg. The tubes were 
heated to 650° and the molten metal was agitated thoroughly 
by turning over and shaking the tubes at a temperature of 500- 
550°. Alloys of the first series were cooled in air; those of the 
second series together with the furnace at a rate of 1-1.5° per 
min, The alloys of the third series were subjected to a weak- 
long annealing at different temperatures (from 250 to 420°) 
depending on the composition of the alloy, Chemical 
analyses carried out for control purposes indicated that under 
the conditions of preparation and heat treatment employed by 
N = SS us alloys of the intended composition were obtained. The 
entre oe Ho precision of the determinations of antimony and cadmium was 
2627 of the order of 0.05%, More than 20 different compositions 
Cd 70 40 50 30 ra (a number of samples in excess of 60) were investigated, 

% of Sb by weight Alloys in the vicinity of the compounds Cd3Sb, and CdSb were 
investigated with particular thoroughness, 
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Fig. 1. Constitutional diagram of the system Cd- 
Sb (according to data determined by the authors of The thermograms were recorded on an FPK -55 Kurnakov 


; pyrometer; in connection with their determination an arrange- 
the article), 

ment for regulation of the temperature according to a preset 
program was used, The conditions employed in the thermographic investigation of all alloys were identical with respect 
to the evacuated Stepanov vessel, the mass of the sample and of the standard, the rate of heating of the furnace, the 
resistances connected to the ordinary and differential thermocouples, etc, As far as compositions in the vicinity of 
the crystallization of CdSb and CdgSb, were concerned, the curves of cooling were taken in an atmosphere of dry 
carbon dioxide with the application of the corresponding crystals for seeding. 


The X-ray investigations were carried out by the Debye-Sherrer method, The X-ray picture were taken by 
means of a standard camera with a diameter of 57.3 mm. 


On the basis of an analysis of the curves of heating and cooling for alloys of all series and of data obtained from 
the X-ray pictures and by investigating the microhardness, the microstructure, the electrical conductivity and the 


Fig. 2, a) Microstructure of an alloy with a composition corresponding to the com- 
pound CdySbg; b) microstructure of an alloy of the composition 70% of Cd + 30% of 
Sb. 


Fig. 4. Spiral steps on a CdySb, crystal, 


| | | | 
Fig. 3. Debye X-ray diagrams of the compounds, a) CdSb; b) CdgSby; c) Cd,Sb. 
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thermal EMF, a constitutional diagram of the system Cd—-Sb (Figure 1) was constructed, Without discussing the 
constitutional diagram as a whole, we should only like to call attention to the presence of the new compound CdS, 
(at 44.9% of Sb by weight) in this diagram, The compound CdSby melted congruently at 460°, 


The microstructure of the compound Cd,Sby (Figure 2) indicated that this compound is completely homogeneous, 
Its microstructure was found to be different from that of the other phases of the system. For purposes of comparison, 
we have shown on Figure 2 the microstructure of an alloy consisting of 30% of Sb and 70% of Cd, in which large crystals 
of CdgSb,, the compound closest in composition to the compound Cd,Sb3, can be seen against the dark background of 
the eutectic, The microhardness of CdgSbg was found to be equal to 180 kg/mn?: it did not coincide with that of the 
compound CdSb or CdgSb. 


As distinguished from the other compounds in the system Cd-Sb, the compound Cd,Sbg formed on rapid cooling 
(from alloys of the first series), The compound Cd4Sbg formed with greater facility than the other compounds in this 
system. It is of interest to note in connection with this that a sharp maximum on the diagram showing the relation 
between the composition and the height of the peak of differential recording [2] corresponded to the compound Cd,Sb,. 
To construct this diagram, we used the height of the peak of differential recording which corresponded to crystalliza- 
tion on the cooling curves for different compositions, 


Figure 3 shows the Debye X-ray diagrams for the three compounds CdSb, Cd,Sb,, and CdSb,, The sharp differ - 
ence with respect to the location and intensity of the diffraction lines in the CdgSbs diagram is obvious, Consequently, 


the results of the X-ray investigation also confirmed the existence of the compound Cd,Sb, as an individual chemical 
entity. 


Measurement of the lines of the X-ray diagram and analysis of the nature of the change of sin’v indicated that 
the compound Cd,Sb, has a tetragonal lattice, presumably of the rutile structural type, with the following dimensions 
of the unit cell: a = 8.1 A, c = 13.0, c/a = 1.6, The compound CdSb crystallizes in the rhombic system and the 
compound CdgSb, in the monoclinic system [3]. 


In its pure state the compound Cd4Sb, consisted of silvery-grey, shiny, very brittle crystals, It had a conchoidal 
fracture similar to that of germanium, Already as far as its external appearance is concerned the compound Cd4Sb, 
differed greatly from the other compounds of the Cd-Sb system, Crystals of CdgSb3 could be readily etched with a 
mixture of nitric acid and hydrogen peroxide, On heating in the air the compound CdgSb3 oxidized to a lesser extent 
than the other compounds in the Cd—Sb system, Its conductivity at room temperature was found to be 20 ohm™- 
cm, The maximum thermal EMF which we observed for this compound was ut v/degree. The temperature dependence 
of the conductivity of CdySbg was of a nature that is typical for semiconductors, 


By applying Bridgman’s method [4], single crystals of the new compound Cd,Sby were prepared, Laue X -ray 
diffraction pictures were taken as a control in the preparation of the single crystals, When the surface of the single 
crystals of CdgSbg was examined, steps of the spiral type were observed (cf, Figure 4), Formation of steps of this 
type is regarded by a number of scientists as a result of growth along a screw dislocation with a high Buergers vector, 
We should like to remark in regard to this that formation of spiral steps is also observed in connection with the growth 
of crystals having a laminar structure, Almost all compounds which exhibit steps of this type form larger crystals on 


rapid cooling. We established experimentally that the size of CdgSbg crystals increases greatly with an increased rate 
of cooling. 


To conclude, the interesting observation was made that the compound Cd,Sb, is capable of dissolving a quantity 
of antimony in excess of the stoichiometric ratio, It was found that upon lowering of the temperature the region of 
homogeneity based on Cd4Sbg narrowed down and the phase present in excess separated, At room temperature Cd,Sby 
dissolved up to 2% of antimony. On the other hand, this compound practically did not dissolve any excess of cadmium. 
On the basis of the sign of the thermal EMF, both the pure compound Cd,Sbg and the solid solutions of antimony in 
it must be assumed to have a conductivity of the p-type. In contradistinction to this, CdSb containing an excess of 
antimony has a conductivity of the n-type [5]. 


Thus, on the basis of the experimental findings outlined above, one may conclude with certainty that the com- 
pound Cd,Sb; actually exists, similarly to the compound Zn,Sb, in the Zn—Sb system [1]. 
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Two of the authors of this article and their co-workers discovered the rearrangement of radicals of the type A 
into radicals of the type B in solution [1): 


— XCCI-CYCI—CH,Z 
(A) (B) 
X=Cl, F.H,CH3; Y=H, Br,CH,; Z=Br,CkCCl, 
We reported in a preceding communication [2] an analogous rearrangement which takes place in the course of 


the reaction of thiophenol or benzylmercaptan with 1,1,1-trichloropropene and which we have described by the 
reaction scheme 1: 


. f 
SR + CCI-CH=CH, CCI, -CH—CH,SR CCl,—CHCI-CH,SR 


(A) (B) 


SR + SR 


() 
CCt,—-CHCI- CH,SR + HSR 


CCh=CH—CH,SR + HCI + $R 


In the case of thiophenol the direction "a" predominates and in the case of benzylmercaptan, the direction "b", In 
the work reported at present we investigated the interaction of some thiols with 1,1,1-trichloropropene and with 
1,1,1-trichloro-2-bromopropene, 


Upon the interaction of n-hexylmercaptan and with 1,1,1-trichloropropene it was possible to isolate only an 
unsaturated product of the constitution CCl, = CHCH,SCgHy 3 -n (direction "b” scheme 1), Because thiophenol has a 
considerably greater transfer constant (with respect to the polymerization of styrene) than the alkylmercaptans [3], 
it seemed reasonable to correlate the predominance of the direction "a" in the case of thiophenol and of the direction 
"b” in the case of benzylmercaptan and particularly of n-hexylmercaptan with the greater effectiveness of thio- 
phenol as a transmitter of the reaction chain, 


A less effective transmitter of the reaction chain, by prolonging the life of the radical A (or B), would contri- 
bute to the stabilization of the radical by splitting off a chlorine atom. 


On the example of the reaction of thiophenol with 1,1,1-trichloro-2-bromopropene, we were able to demonstrate 
that radicals containing the grouping CCl,CBrCH react even with such energetic reaction chain transmitters as thio- 
phenol in the direction "b" (scheme 1) with the splitting off of bromine and formation of unsaturated compounds, 
The reaction of thiophenol with 1,1,1-trichloro-2-bromopropene takes place according to scheme 2: 


2. = CH + = CCICHgSCoHs. 
(111) (IV) 


As has been established before by two authors of this article and V, N, Kost [4], 1,1,1-trichloro-2-bromopro- 
pane, on being irradiated with ultraviolet light or being exposed to disperse light during storage, isomerizes into 
1,1,2-trichloro-3-bromopentene-1: 


CCIsCBr == CHg —> CCl, =: CCICHBr. 


The chain-radical mechanism of the reaction was proven and the following mechanism of isomerization was 
proposed: 


%. Br 4 CCLCBr - > 
A B 

| 4 CCly = CCICH,Br 
(V) 


One may assume that the formation of the unsaturated sulfide IV (scheme 2) is not due to a preliminary iso- 
merization of the trichlorobromopropene according to scheme 3 followed by substitution of the allyl bromine in 
1,1,2-trichloro-3-bromopropene-1 with an RS group, In a specially conducted experiment, in which 1,1,1-trichloro- 
2-bromopropene had not reacted completely with thiophenol, it was found that the unreacted trichlorobromopropene 
corresponded to 1,1,1-trichloro-2-bromopropene in its structure, 


Furthermore, it was established that authentic 1,1,2-trichloro-3-bromopropene~1 did not react with thiophenol 
under conditions at which the reaction of thiophenol with 1,1,1-trichloro-2-bromopropene took place, 


One may assume that thiophenol inhibits isomerization according to scheme 3 by binding bromine, and that 
the reaction then proceeds entirely in accordance with scheme 1b, 


Investigation of the reaction of thiols with 1,1,1-trichloropropene does not enable one to establish whether the 
unsaturated sulfides IL (scheme 1) are formed from rearranged radicals (direction"b") or from unrearranged radicals 
(direction "c"), On the other hand, in the reaction of thiophenol with 1,1,1-trichloro-2-bromopropene the unsaturated 
sulfide IV (scheme 2) could have formed only from rearranged radicals. 


When the reaction of 1,1,1-trichloro-2-bromopropene with thiopheno] was carried out in the presence of elemental 
sulfur (which is known to act as an inhibitor of homolytic addition and a catalyst of heterolytic addition of thiols to 
unsaturated compounds [5]), the addition took place without a rearrangement according to scheme 4: 


4g CBr= CH2-}-CgH;SH CHBr— CH,SCH, 
(V1) 


analogously to the reaction of thiophenol with 1,1,1-trichloropropene [2]. 


The nature of the addition of thiophenol to 1,1,1-trichloro-2-bromopropene was confirmed by the fact that the 
infrared spectrum of substance VI lacked absorption bands which are characteristic for the methyl] group. 


1, Reaction of thiophenol with 1,1,1-trichloro-2-bromopropene, a) A mixture of 25 g (0.11 mole) of 1,1,1-wi- 
chloro-2-bromopropene and 15 g (0,14 mole) of thiophenol was exposed to the light of a 150 watt incandescent bulb 
for 3 hours while it was kept at a temperature of 105-110, The reaction mixture was then washed with a soda solu- 
tion and water, whereupon it was dried, After the unreacted initial materials had been distilled off, 15.6 g of 2,3,3- 
trichloropropenyl-2-phenylsulfide were obtained. b, pt. 112° (1 mm), nD 1.5995, a, 1.3888, Found MR 62,40, 
CoH7ClgSb . Calculated 62,36 (yield 55% of theory). 


By oxidation of the sulfide with hydrogen peroxide in glacial acetic acid, 2,3,3-tichloropropenyl-2-phenyl- 
sulfone with am.p, 93-94° was prepared, The melting point of a sample mixed with authentic 2,3,3-trichloro- 
propenyl-2-phenylsulfone prepared in experiment 6 did not show any depression, 


b) The synthesis was carried out as before, but without exposure to the light of a lamp. After distillation the 


following fractions were obtained: 1, b. p. up to 55° at 10 mm, 7.8 g; Il, b. pt. 120° at 1.5 mm, 12.9 g, nD 
1.5993 , d°, 1.3917 (yield 46% of theory). 


The substance contained in fraction I was boiled for 2 hours. with 7 g of diethylamine in 15 ml of methanol. 
After the usual treatment, 2.9 g of 3,3-dichloro-2-bromopropenyl-2-diethylamine were obtained, b, pt. 54,5-55° 
(0.5 mm), nD 1.5093, @°D 1.4080. Hydrochloride, m, pt. 144°, Published data[4]: b. pt. 68-69 (2 mm), 
1.5080, 1.4060, Hydrochloride, m. pt. 144°, 


A part of the product constituting fraction II was oxidized with hydrogen peroxide in glacial acetic acid. The 
resulting product was 2,3,3-trichloropropenyl-2-phenylsulfone with am, p. 93-94, A sample mixed with the 
authentic substance did not show a melting point depression, 

2. Reaction of thiophenol with 1,1,1-tichloro-2-bromopropene in the presence of sulfur, The reaction was 
carried out as the preceding one, but with the addition of 2 g. of elemental sulfur, Fourteen grams of 3,3,3-trichloro- 
2-bromopropylphenylsulfide with ab. p. of 155° at 2 mm were obtained, The yield of crude sulfide (which apparently 
contained elemental sulfur as an impurity) amounted to 38% of theory, The product was purified and identified as 
the sulfone: 3 g of the sulfide, on being oxidized with hydrogen peroxide in glacial acetic acid, yielded 2 g of 3,3,3- 
trichloro-2-bromopropylsulfone (61% of theory); m. pt. 85° (from alcohol). 


Found %: C 29.81; 29.69; H 2.22; 2.16, CgHgClBrSO,. Calculated %: C 29,45; H 2,18, 


3. Reaction of 1,1,1-trichloropropene with n-hexylmercaptan, A mixture of 22 g (0.15 mole) of 1,1,1-trichloro- 
propene with 11.8 g (0.10 mole) of hexylmercaptan was exposed to the light of a 100 watt incandescent bulb for 

15 hours, while it was being kept at the temperature of 100°, After the unreacted initial products had been distilled 
off, 6.6 g (yield 33% of theory) of 3,3-dichloropropenyl-2-hexylsulfide were obtained; m. p. 100° at 2 mm, nD 


1.4996, 1.0853, Found MR 61.48, Calculated 61.10. 


Found %; C 47,78; 47.85; H 7.49; 7.53; C1 31,00; 31.10, Calculated %: C 47,57; H 7,05; Cl 31.27, 


4, Reaction of 1,1,1-tichloropropene with thiophenol A mixture of 22 g (0.15 mole) of 1,1,1-trichloropropene 


and 16.5 g (0-15 mole) of thiophenol was exposed to the light of a 150 watt incandescent bulb for 5 hours while a 


stream of nitrogen was passed through the mixture kept at 110°, After the usual treatment, the following products were 
obtained: 


I. 3.5 g of 3,3-dichloropropenyl-2-phenylsulfide with b, p.. 111-113° at 3 mm, nD 1.5930, 1.2755, Found 
MR 58,17, CollgClpS4f . Calculated 57.49, Yield, 10.6% of theory, Sulfone, m. p. 89 (from alcohol), A sample 


mixed with authentic 3,3-dichloropropenyl-2-phenylsulfone (cf, experiment 5) did not show a melting point depres- 
sion, 


Il, 11.6 g of 2,3,3-trichloropropylphenylsulfide, which had been described by us earlier [2] (yield 30% of 
theory). 


5. Reaction of sodium thiophenolate with 1,1,3-trichloropropene-1, By reacting 21 g of 1,1,3-trichloropro- 
pene-1(0.15 mole) in absolute alcohol with sodium thiophenolate prepared from 11 g of thiophenol (0.10 mole) and 
2.3 g of metallic sodium, 16.9 g (76% of theory) of 3,3,-dichloropropenyl-2-phenylsulfide with m, pt. 102-103° at 1 
mm were obtained; 1.5948, 1.2776. Found MR 58.23. CygHgClpS4 . Calculated 57.49, 


Found %: C 49,18; 46,31; H 3.76; 3.64, CgHgClpS. Calculated %: C 49,31; H 3.65, 
Sulfone, m, pt. 88.5-89 (from alcohol), 


Found %: C 42.84; 42,93; H 3.15; 3.24. Cl 28.27; 28.27. CgHgClSO,. Calculated %: C 43,02; H 3.18; 
Cl 28.28, 


6. Reaction of sodium thiophenolate with 1,1,2-trichloro-3-bromopropene-1, By reacting 12.5 g (0.06 mole) 
of 1,1,2-trichloro-3-bromopropene-1 with sodium thiophenolate, 8.1 g of 2,3,3-trichloropropeny]-2-phenylsulfide 
(yield 57%) were obtained; b, pt. 109° at 1 mm, n™D 1,5998, dg 1.3811. Found MR 62,80, CgHyClS4 . Calcu- 
lated 62,36. 


Found %: C 42,54; 42.46; H 2.82; 2.91. Calculated %: C 42.60; H 2.76, 
Sulfone, m. pt. 92-93° (from alcohol), 


Found %: C 37,87; 37.76; H 2.46; 2.50. CgH7ClgSO,, Calculated %: C 37,86; H 2.46, 
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EFFECT OF THE STRUCTURE OF ALKYLAROMATIC HYDROCARBONS 
ON THE KINETICS OF THEIR DEHYDROGENATION 


O. K. Bogdanova, Academician A. A, Balandin, and 
I. P. Belomestnykh 


Translated from Doklady Akademii Nauk SSSR, Vol. 138, No. 5, 
pp. 1089-1092, May-June, 1961 
Original article submitted February 28, 1961 


In previous work [1,2], we showed that isopropylbenzene, which has a branched radical, is dehydrogenated 
faster than ethylbenzene, which has a straight chain. It seemed interesting to investigate the effect of introducing 
a second radical into the benzene ring on the dehydrogenation rate of the ethyl radical. For this purpose we investi- 
gated the kinetics of dehydrogenation of ethyltoluene. The experiments were carried out by the flow method in the 
apparatus described previously [1] and with the same catalyst charge (10 ml). 


Ob 
{ 
ws 
Fig. 1. Relation of log Z, Fig. 2. Logarithmic rela - 
to the reciprocal tempera - tion between the reaction 
ture, rate constant and 1/T, 


The reaction rate was determined from the amount of vinyltoluene fromed. Close correspondence was ob- 
served between the amounts of vinyltoluene formed and hydrogen liberated. The experimental procedure was the 
same as previously [1] and the degree of dilution with water vapor was varied from 1:16 to 1: 32mol. and kept con- 
stant in each experiment. The vinyltoluene content of the catalyzates was determined bromometrically by Gal*- 
pern's method [3]. In addition, the catalyzate was analyzed by gas—liquid chromatography. The liquid phase was 
a mixture of dinonyl and didecyl sebacates and 18% of this containing 2% of neozone-D was deposited on diatomite 
brick powder. The contact gas was analyzed as previously. By measuring the rates of dehydrogenation of binary 
ethyltoluene — vinyltoluene mixtures, we determined the relative adsorption coefficients of the reaction product, 
namely, vinyltoluene, The starting ethyltoluene had the following constants: b.p. 159-161", d° 0.8660, ny 1.4970; 


literature data: b.p. 161.5°, 0.8657, ny 1.4967, 


Vinyltoluene: b.p. 169.5°, 0.8758, nf} 1.5406; literature data [4]: b.p. 169.0°, dj° 0.8760, ny 1.5409, 


Delfydrogenation of ethyltoluene, Experiments with ethyltoluene were carried out in the temperature range of 
524-560° with a flow rate of 1000 mVliter - hr (0,5 ml in 3 min) with dilution with water vapor in the ratios of 1:16 
and 1:32 mol. The experiments were carried out far from equilibrium as is shown by a comparison of the data ob- 
tained with calculated data for the thermodynamic equilibrium of this reaction, presented in the article of Bonda- 
renko et al. [5]. Together with vinyltoluene, small amounts of toluene and xylene were formed as by-products under 
the conditions investigated and these were detected by chromatographic analysis. Analysis of the contact gas, which 


contained small amounts of olefins (0.2-0.4%) and saturated hydrocarbons (0.5-0.9%, also indicated slight formation 
of by-products from decomposition, 


The data obtained on the dehydrogenation of ethyltoluene over the temperature range of 524-560° are given 
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in Table 1, To determine the relative adsorption coefficients of vinyltoluene, we measured the dehydrogenation 
rates of ethyltoluene ~ vinyltoluene mixtures, containing 21 mol. %of vinyltoluene. The experiments with the mix - 
tures were carried out in the same temperature range (530-560°) as with ethyltoluene and with the same flow rate 
and dilution with water vapor, The numerical values of the relative adsorption coefficients, which were calculated 
by the formula in [6], are given in Table 2, which shows that with a rise in temperature, the relative adsorption co- 
efficients (zg) of vinyltoluene decreased from 3,8 at 530° to 1,5 at 560°, In a plot of log z, against the reciprocal 
absolute temperature, the points lay on a straight line (Fig.1). The relative adsorption coefficient of hydrogen (z3) 
was found to equal 0.7 and did not change with temperature, 


TABLE 1, Dehydrogenation of Ethyltoluene. * 


— — 


Vinyltoluene|H(n.t.p.) 'Deg. ofde- analysis, vol. % 
incatalyzate after 3min, hydration on co, | 


%o Hp, Jo 


Tem 


I, Cylon 


Dilution with water vapor at 1:16 mol. 


| 
30,0 


| 
| 
| 


Dilution with water vapor at 1: 32 


13,4 
28,0 
30.8 
35,1 


* Flow rate 1000 ml/ liter: hr. 


The data obtained on the kinetics of dehydrogenation 
of hydrocarbons are described by the general kinetic equation 
for monomolecular reactions in a flow system [7]. The reac- 
tion rate constants for the dehydrogenation of ethyltoluene 
are given in Table 2. The logarithmic relation of the reac- 
tion rate constant to the reciprocal absolute temperature is 
shown in Fig.2. The points lie on a straight line, indicating 
that Arrhenius’ equation holds, The activation energy, calcu- 
lated from the reaction rate constants, equalled 34.6 kcal/ 


mole and log kg=7.3. 
| L Using the values found for the relative adsorption co- 
uN efficients of vinyltoluene on the active catalyst surface, we 


found the changes in free energy, heat content, and entropy 
during adsorption displacements from the catalytic surface 
(Table 2), For comparison, Table 3 gives the dehydrogena - 
tion rate constants for ethylbenzene and ethyltoluene and 
this shows that the rate of dehydrogenation of ethyltoluene 
is greater than that of ethylbenzene, Thus the results show 
that when a methyl radical is introduced into the benzene 
ring, the rate of dehydrogenation of the ethyl radical increases, 


Fig. 3. Chromatographic analysis of catalyzates 
obtained at 580° and the following flow rates: a) 
1000, b) 820, and c) 570 ml/ liter hr; the first 
section on the curve corresponds to toluene, the 
second to xylenes, the third to ethyltoluene, and 
the fourth to vinyltoluene. 


According to the literature [8], vinyltoluene may be of considerable interest in the synthetic rubber industry 
for the production of copolymers and also in the perfumery industry etc. [9]. It seemed interesting therefore to study 
the dehydrogenation of ethyltoluene on a mixed oxide catalyst at a high temperature, For this purpose we carried 
out experiments at 580° and various ethyltoluene flow rates (1000, 820, and 570 ml/liter-hr), The results of balance 
experiments are given in Table 4, which shows that at the same temperature (580°) but with a decrease in the flow 
rate from 1000 to 570 ml/liter-hr, the yields of vinyltoluene on the ethyltoluene passed increased from 42.8 to 


537 | 16,6 20,7 | | | 91,4 | 0,6 
19,3 24,0 84 | O72 92 
23,3 | | 90,5 0,8 
25,7 32,0 | 8A | 0,4 | 89,8 0,8 
anh | | o8 | 

52h 1 43,5 11,7 2 0,2 1,0 0,5 
22,5 0,0 91,0 0,6 
24,7 0,2 91,0 0,6 
560 | 32,0 32,0 6 0,2 90,9 0,6 
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56.8%. At the same time, the yields on ethyltoluene decomposed fell from 86.1 to 80.7%, indicating the formation 


of reaction by-products. The results of analyzing the catalyzates on a chromatograph (Fig.3) show that with a decrease 
in the input rate, there was an increase in the amount of toluene from 0.6 to 1.4%(at a rate of 570 ml! /liter- hr) and 
xylene from 4.3 to 10.8%. At an input rate of 570 ml /liter-hr, 0.1% of benzene was also formed. The data obtained 


placement of Ethyltoluene by Vinyltoluene, 


TABLE 2. Kinetic and Thermodynamic Functions of the Adsorption Dis - 


show that vinyltoluene may be obtained in high yields on an oxide catalyst at 580° and high ethyltoluene input rates, 


TABLE 3, Dehydrogenation Rate Con- 


stants of Ethylbenzene and Ethyltoluene. 


remp., k. 10? g/ml} -AF, cal/ | AH, keal/ |AS, cal/ 
after8min |mole mole deg mole 
3,8 0,7: 1914 42,6 
AD 26 0,969 1566 41,8 
2,0 1,274 1132 40,6 
1,5 1,704 668,23 39,6 


ke after 3 min 


Temp., 
ethylbenzene] ciliyltoluene 
530 0,376 0,731 
5A0 O,5120 
5d0 0,7800 1,274 


1,055 


1,714 


TABLE 4, Catalytic Dehydrogenation of Ethyltoluene at 580° and with Dilution with 
Water Vapor at 1:4 (weight ratio). 


Catalyzate composition, inyltoluenel 
Input —_Cataly- y | Vinyltoluene 


fake. wt. % yield oneth-| Gas analysis, vol. % 
wt. % her cu, | xy- “composed, co, | | Catan 42 
| | 
| | 42,3 | | 42,8 | 86,1 | 11,3] 0,6 | 85,0 | 1,6 
| 97,8 | 53,7] — | 1,0 | 8,0] 54,3 81,2] 11,7] 1,0 1,8 
|. | - | 10,8 | 56,0 | 80,7 | 13,3 | 0,8 | 81,8 2,0 
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Some refractory oxides, whose single crystals are difficult to obtain by crystallization from a melt due to the 


high melting point, crystallize [1,2]. The temperature for the preparation of such crystals may be considerably be - 
low melting point of the oxide. 


We observed the growth of beryllium oxide crystals from the gas phase at 1900, 1800, andeven1600°, The experi- 
ments were carried out at atmospheric pressure in argon medium, 


Compact polycrystalline beryllium oxide of 99.9% purity was placed in a hollow graphite block and kept at con- 
stant temperature for 10 hr and more in a furnace with a graphite resistance. 


The growing BeO crystals formed on the inner wall of the lid of the block, which had a temperature 10-50° be- 
low the temperature of the sample, 


The crystals were up to 5 mm in size and had various forms, but with the predominance of plates and bars (Fig. 


2, a-d), The bar-shaped crystals often grew in groups in one direction, forming acicular attachments, Among the 
other forms, we found short hexagonal prisms, not more thatn 100 x 100 y in size, 


The mechanism of crystal growth from a gaseous medium is considered to be condensation of the substance on 
the top of a growing crystal [3]. 


Fig. 1. Single crystal ribbon of beryllium oxide. x 150, 


Photographs in transmitted light (Fig.2 a-c) show that a characteristic phenomenon in the growth of BeO from the 
gas phase is the formation of dendritic branches and so-called "whiskers." As was reported by Hardy [3], it is not known 
whether or not metal "whiskers" have the same orientation as the main crystal on which they grow. However, the pho- 
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Fig. 2. Beryllium oxide crystals grown from the gas phase on a graphite surface; a, b) 
X 340; c, d) X 200; e, f) x 440, 


| 
j 
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tographs (Fig.2) show that branches and “whiskers” of BeO form quite definite angles with the primary crystal, namely, 
60, 90, or 120°, This corresponds to crystallization of dendrites in the directions of the a axes of the cell of the pri- 
mary crystal, 


In some of the photographs the crystals are not transparent as their surfaces are covered with films of carbon, 
which evaporated from the graphite block. The form in which the carbon was deposited on the beryllium oxide is not 
known, but a chemical reaction between carbon and BeO with the formation of the carbide BegC is excluded as this 
reaction occurs only above 1950°. 


The initial stage of the deposition of carbon on BeO observed on thin plates is very characteristic (Fig.2 f, ¢). 
In transmitted light the thin gray carbon film forms a pattern whose main element is a right triangle with a side of 
1-5°10* cm. According to Ormont [4], this pattern is characteristic of the surface of hexagonal packing formed 
from elementary tetrahdera (MO$’, for example). Therefore, it may be considered that the deposit formed as a crys- 
tal surface in the same way as electron-microscope replicas. This is confirmed by the similarity between the pattern 
and the triangular growth terraces observed by Verma [5] on the surface of a zinc blende crystal. Another reason for 
the formation of the pattern may be selective adsorption of carbon by definite sections of a flat surface of a single 
crystal, though this is less probable. 


In most cases, the rows formed by the patterns of the carbon deposit on the surface of the BeO plate lay parallel 
to its long axis, ¢ axis, but in some cases they lay at an angle of about 30° to the crystal axis. In the latter case, the 
dendrite grew perpendicular to the geometric axis of the plate. 


Fig. 1 e shows a bar-shaped crystal, whose axis coincides with the c axis of the elementary cell of the BeO, The 
cell is connected by its dendrite to a plate, which also has a growth, It is remarkable that the growth of the dendrite 
was not stopped by the obstacle encountered, namely, the plate, but continued to one side to form a shapeless excre- 
sence at the site of the meeting. This photograph demonstrates the mechanism of crystal growth from the gas phase 
by condensation of the substance on the top of the crystal. 

The BeO single crystals obtained from the gas phase were very strong and could suffer large elastic defromations 


without breaking, as is shown by Fig. 1. As reported by Rischkewitsch [2], BeO "whiskers" have a bending strength of 
150,000 kg/cm?. In view of this high strength of single crystals obtained from the gas phase, this method of growing 


oxide crystals may become very promising if methods are found for increasing the growth rate and controlling the con- 
densation process at high temperatures, 


LITERATURE CITED 
V. A. Timofeev and A. F, Zalesskii, Collection, Growth of Crystals [in Russian] (Izd. AN SSSR, 1959), 2. 
E, Rischkewitsch, Trans, Brit. Ceram. Soc., 59, 8, 303 (1960). 
G. K, Hardy, Progress in Metal Physics [in Russian] (Moscow, 1960) 3. 
B. F, Ormont, Structures of Inorganic Substances [in Russian] (1950). 
A, Verma, Crystal Growth and Dislocations [Russian translation] (IL, 1958). 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


KINETICS OF SUBSTITUTIONS IN THE INNER SPHERE 


OF COMPLEX MOLECULES 


A. D. Gel‘man and L. N. Essen 


Institute of Physical Chemistry, Academy of Sciences USSR 
(Presented by Academician V. IL, Spitsyn March 17, 1961) 
Translated from Doklady Akademii Nauk SSSR, Vol. 138, No. 5, 
pp. 1095-1098, May-June, 1961 

Original article submitted December 30, 1960 


In recent years there has been a series of investigations on quantitative aspects of the trans effect in complex 
compounds [1-9]. These researches, in which various methods were used, showed that the study of the kinetics of re - 
actions in the inner sphere of complex molecules is probably the most promising method, 


Quantitative data on the kinetics of the reactions of complex platinum compounds were given in [8-11], but 
the reaction rate constants given in [8,9] referred to only one reagent concentration (0,03 M), It seemed to us that by 
making investigations at differentreagent concentrations it might be possible to obtain more interesting data which 
would shed some light on the mechanism of inner sphere substitutions. 


In the present brief communication we give the main results of our investigations, We used the procedure de- 
scribed in [8]; we also studied the same reactions, namely, the reaction of triacidomonoammineplatinates (11) 
K [PtNH3Clg], and K[PtNH3C1NO,C1] with pyridine in aqueous solutions. 


TABLE 1, Mean Values of Reaction Rate Constants at The determinations were made at reagent concentra - 
Various Reagent Concentrations (freshly prepared so- tions of 0.01, 0.03, 0.06, and 0.09 M and a temperature of 
lutions). 25°, The ratio of the triacidomonoammineplatinate to py- 
ridine was 1:1, The pyridine was added to the solutions 
Reaction 0.01 M1 0,03 M | 0,06 M| 0,09 M 2-3 min after they had been prepared, The reaction rate 


constants were calculated from the experimental data. The 
equation for a second-order reaction was used for this. Ta- 


| 
| 
+- P 82 52,5| 37,4] 34,3 
120" ble 1 gives the mean values of the reaction rate constants 
K -}- Py 618 76 | ATA (K+ 10*) at various reagent concentrations, 


As Table 1 shows, the reaction rate constants did not 
remain constant, For all three reactions we found a certain 
increase in the reaction rate constants with a decrease in the initial reagent concentrations and this was apparently 
caused by hydration processes, 


As early as 1940, A. A, Grinberg [14] put foward the hypothesis that exchange in complex molecules proceeds 


through the intermediate formation of aquo ions. This hypothesis was subsequently confirmed experimentally [10, 11, 
13, 15). 


The fact that the reaction rate constants were higher in dilute solutions is further confirmation of the fact that 
the formation of aquo complexes plays a decisive role in substitutions in aqueous solutions. 


The following conversions occur in the inner sphere of the complex molecule in an aqueous medium: | 


NHy (ay NH, NH, (OH) 
563 


There is then a reaction with component Y (for example, pyridine): 


Nit, on Nil, ¥ 


Cl 


This mechanism for exchanges in tetraacidoplatinate molecules was regarded as the most probable one in [4]. The 
reactions with triacidomonoammineplatinates apparently proceed in the same way and this was confirmed by the 
change in the solution pH with time, Measurement of the pH of solutions of the starting salts after definite time inter- 
vals showed that the hydrogen ion concentration increased and equilibrium was reached comparatively rapidly (Table 2), 
TABLE 2, Change in Solution pH with Time. 


Salt 7” 6 28 after after after | after after after 
3 * (a9 5min |10 min | 15 min | 20 min | 25 mia | 30 min 


K[PtNH5Cls] 0,01] 5,2 4,6 
0,03 | 4,4 4,3 4,2 AA 4,05 4,0 4,0 
0.06/4,2 | 4,0 4,0 3,95 3,9 3,8 3,8 
}0,01}5,15 4,9 4,7 4,5 4 A5 4,4 
0,03/4,7 4,3 4,2 415 4,1 4,0 4,0 
0,06) 4,1 +8 


K [PUNT 0,01 | 4,5 3.9 
0,06 3.5 


Thus, in considering the reaction of the salts K[PtNH,C1XC1] with pyridine in aqueous solutions it must be re- 
membered that the substitution actually occurs in the coordinates X— Pt—OH and not X— Pt—Cl (where X =Cl, Br, or 


NO,). 


Our experiments also showed that solutions of potassium triacidomonoammineplatinates kept at room tempera- 
ture for a certain time reacted with pyridine much more rapidly than freshly prepared solutions. 


TABLE 3. Ratio of Rate constants for the 


001 Reactions of K[PtNHsCl3], K[PtNH3Cl,Br], 
by) K [PtNH3Cl,NO,] with Pyridine at Various 
a Reagent Concentrations (Freshly prepared 
250} ob solutions). 
Ratio of 
comerents 0,01 0,03 0,06 0,09 
200 
| 
| 1,6 2.35 
K | 4, Kew 
Kno. 


) 
} 2 Shr To establish the relation between the substitution rate and the 
Fig, 1. Relation of the reaction rate con- time that the solutions were kept, we carried out a series of experi- 
stants to the time the solutions were kept. ments with solutions of the salts K[PtNHgCl] and K[PtNH,Cl,Br]. We 
a) K[PtNH,Cly], 2) K[PtNH,Cl,Br). treated freshly prepared solutions of these salts and also solutions that 


had been kept at 25° for 1,2, and 3 hr with pyridine. The results ob- 


| 
3,8 3,7 3,7 
3.5 3,45 | 3,4 
3,3 3,3 
x 006 
564 


tained are given in Fig.1, As this figure shows, the difference in the reaction rate constants for solutions kept for 1,2, 
and 3 hrbecame sinall in most cases and it is possible that the constants for solutions with concentrations of 0.03-0,09 
M would have become very similar after a long time. 


As was to be expected, the hydration process was most rapid in dilute solutions. 


Unfortunately, we were unable to determine the reaction rate constants for K [PtNIlsCl,NO, ]+ Py in solutions that 
had been kept, In these cases the reaction proceeded so rapidly that there was the possibility of a large error in the 
titration of pyridine with the procedure we used, 


The data obtained are in complete agreement with the rules of the trans effect for divalent platinum compounds. 
The ratio of the constants for the reaction of freshly prepared solutions of the salts examined with pyridine varies in 
relation to concentration, but at any concentration, the reaction rate constant for potassium dichloronitromonoammine - 
platinate is greater than that for potassium dichlorobromoammineplatinate, while the latter is greater than that for po- 
tassium trichloromonoammineplatinate (Table 3). 


The ratios of the rate constants for the reactions of K[PtNH3Cl3], K[PtNH3Cl,Br] and K[PtNH3Cl,NO,] with pyri- 
dine at reagent concentrations of 0.03 M were given in [8]. 


For comparison, we give the ratios of the reaction rate constants for K[PtNHgCl,Br] and K[PtNH3Clg], in solutions 
kept at 25° for 3 hr, 


Reagent con- 
centration 
Kir 

Kol 


2,4 1,8 1.5 1,4 


The reaction of triacidomonoammineplatinates with pyridine is a complex process and the calculation of the 
rate constants of these reactions from a second-order equation is arbitrary. 


Since the substitution occurs in the coordinates Cl1— Pt-OH, Br— Pt-OH, NO,— Pt—OH, and not in the coordinates 
Cl~—Pt-Cl, Br—Pt~Cl, NO,~Pt~Cl, while no equation has been found up to now for calculating the reaction rate con- 
stants with allowance for hydrolysis, it is more accurate to compare the reaction rate constants for solutions that have 
been kept for a quantitative estimate of the trans effect of various addends, 
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The complexes of stannic chloride with organic sulfides have been studied little. The syntheses of only a few 
compounds of this type have been described in the literature: SnCl, - 2(CH3)S(1,2), SnCly 20CgHs}S(1), SNC1, (- 
S—CH (3), Their physicochemical properties, including the dipole moments, which are some of the most important 
constants for characterizing the nature of donor-acceptor bonds, have not been investigated. 


In the present work, which is the beginning of a systematic investigation of complexes of organosulfur com- 
pounds with metal halides and organometallic compounds, an attempt was made to study complex formation in the 
systems stannic chloride organic sulfides in benzene by means of dielectric polarization and investigation of a num - 
ber of properties of the complexes formed. 


As complexes with the composition SnCl,* 2D, where D is an oxygen- or nitrogen-containing compound, have 
high dipole moments [4-6], which considerably exceed the sums of the dipole moments of the components, it could 
also be expected that the formation of donor-acceptor bonds in complexes of organosulfur compounds would also 
produce considerable changes in the polar properties of the systems investigated. 


We studied complex formation by means of dielectrometric titration [7], which makes it possible to determine 
not only the composition and stability of the compounds formed, but also their dipole moments under conditions where 
dissociation is suppressed, 


Sam - 
ple no. 


| 


TABLE 1 


| SnClg-(Call 
(Cg 
Sn€ly- (CoH 
Sncly-2(Cyl 
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Complex 


17)25 
19)25 


| SuCly- 2(CgHy7)25 


(CgHs)2S -! 


SnCly 


| -!- SnCl, 


| 
* in benzene 
B in benzene + 
S 0.452 mole/ liter of 
in benzene + 


‘snc 


+0.12 mole/ liter of SnCly 


Sach, 


Ho)S* 


| 


Csi l, 


0,124 
O 108 
0,049 
OA9 


0,080 
0,108 
0,108 


* The dipole moments of the complex isolated were measured. 
* * Literature data, 


& sulfide 


| | 
| | 
iu compl. in benzene + 


in benzene 


| 

| | 

| | 4 
| 6,79 | 1,61 1,68 

| 6,83) | | ,47** 
1,10 | = 
4,10 | 2 

1 4,13 

| 4,08 1,48 

| 1,04 = 

| 3,98 


| | 
| 0,049 
| 0,049 
| 
1 | 
| 
12 | 
‘3 | | 6.20 | 
\ 
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Figures 1 and 2 give curves for dielectrometric titration of SnCl, solutions in benzene (0,05-0,15 mole/ liter) 
with the sulfides investigated at 25° in an atmosphere of dry nitrogen, while Table 1 gives the dipole moments found, 
The following symbols are used: € is the dielectric permeability, d is the density, Conc, is the concentration of the 
starting SnCl, solution, C is the sulfide concentration, and y is the dipole moment, 


As can be seen, complex formation in the systems investigated depends to a considerable extent on the nature 
of the organic sulfide. 


| 


' 
' 


01890} 


22 ‘ 


I Fig. 2, Dielectrometric titration of SnCl 
in benzene: 1) With dioctyl sulfide; 2) 
with diisooctyl sulfide; 3) with ethyl phenyl 
sulfide. 


0885 


Fig. 1. Dielectrometric titration of SnCly In the case of diphenyl sulfide (Fig, 1, 5), there was a linear 


in benzene: 1) With dibutyl sulfide; 2) relation between « and C over a wide range of concentrations and its 
with dinony! sulfide; 3) with dioctyl sul - dipole moment in the presence of SnCl, equaled 1.67 D (Compound 
fide; 4) dihexadecyl sulfide; 5) with di- No. 8, Table 1) and was close to the moment in benzene (1.57D). 
phenyl sulfide; 6) density of solutions of . 

SnCl, + dioctyl sulfide. A different type of curve of « —C was observed with the systems 


stannic chloride —diisooctyl sulfide (7, 9-dimethyl-8-thiapentadecane) 
(Fig.2, 2) and stannic chloride—ethyl phenyl sulfide (Fig.2, 3). 


The considerable increase in the dielectric permeability of the solutions indicated the formation in these systems 
of compounds with considerably higher dipole moments than the dipole moments of the sulfides added, but the compo- 
sition of the complexes could not be determined from the nature of the curves of e—C and d-C, The dipole moments 
of these sulfides in the presence of SnCly, found by extrapolation of the initial sections of the curves, were 2-2,5 times 
greater than the dipole moments in benzene (Table 1, compounds No. 9 and 10), A completely different type of curve 
of « —C was observed for systems with n-alkyl sulfides (Fig. 1,1-4 and Fig.2,1), All the aliphatic sulfides, regardless 
of the length of the alkyl radical (n-C4Hg, n-CgHy7, N-CgHyg and n-Cy¢Hg3),* behaved identically toward SnCly. It was 
possible to distinguish three concentration regions, in which the relations of € to C were different. In the first region, 
up to the ratio Cgncy,: CRS 1:1, there was a sharp increase in the dielectric permeability of the solution; in the 
second region, at a ratio of concentrations between 1:1 and 1:2, the dielectric permeability of the solutions fell; in 
the third region, above a ratio of 1:2, there was a linear relation between € and C, 


This type of curve of « —C indicates stepwise addition of sulfide molecules to SnCly. One sulfide molecule is 
added first to form the complex SnCl,*R,S with a high dipole moment; a second sulfide molecule is then added to 


* The complex of stannic chloride with diethylsulfide is insoluble in benzene. 
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form the complex SnCl,* 2R,S with a considerably lower dipole moment, The complex-formation process is then 


complete; the change in the dielectric permeability of the solution with further addition of sulfide corresponds to the 
addition of a discrete compound. 


In this respect, the behavior of the systems investigated differs considerably from that of the systems SnCl,~al- 
cohols [7] and SnCly~ acids [7], where two molecules of donor are added to the SnCl, immediately to give SnCl,- 2D 
and the complex -formation process is complete only after the addition of four and three donor molecules, respectively. 


It should be noted that as a rule, the maxima on the curves of « —C in the systems investigated were displaced 
toward higher concentrations than that corresponding to the composition 1:1. This displacement was caused by dis- 
sociation of the complexes. For the same reason there was a displacement in the minimum at the change from the 
curve to the line after the formation of the 1:2 complex. 


The curves of dC for the systems investigated were less indicative. Figure 1 gives the densities of SnCl, solu- 
tions during titration with n-octyl sulfide (curve 6), Approximately the same curves of d—C were obtained for the 
other sulfides. They became linear after the concentration reached a ratio of 1:2, 


The dipole moments of all the complexes of SnCl, with n-alkyl sulfides with the composition 1: 1(extrapolation 
of the first branch of the curves of « —C and d—C) were similar and ~5,2 D greater than the sum of the dipole moments 
of the components, The question of whether this increase is wholly due to the formation of a donor—acceptor bond or 
whether this value includes a dipole moment associated with the change in the steric configuration of SnCl, on complex 
formation still remains unsolved as the structure of such complexes is unknown, We are attempting to solve this prob- 
lem by x-ray structural analysis. 


The dipole moments of complexes with a composition of 1: 2 (extrapolation of the values of « and d at the 
points M in Fig.2 to zero concentration) were also similiar and ~2,7 D below the dipole moments of the complexes 
with the composition of 1:1. 


In the last two columns of Table 1 we give the dipole moments of the sulfides in the presence of the correspond - 
in complexes (extrapolation of the linear third section of the curves) and the dipole moments of the sulfides investiga - 
ted, which we measured in benzene, 


On the basis of the results of dielectrometric titration, we carried out some experiments on the isolation of a 
series of complexes in a pure form and investigated their conversions in solution in more detail. 


The complex SnCl4-2(C4HgS is a white crystalline substance with m.p. 41-42°, which is soluble in hydrocarbon 
solvents, may be recrystallized from ligroin, distills in vacuum without decomposition, has b.p. 93° at 5mm Hg, and 
is hydrolyzed quite slowly in contact with air. Sulfur analysis: Found 11.75; 11.23%, calculated 11.57%. 


The complex SnCly + &CgHi9S is a colorless viscous liquid with nty 1.5158, which decomposes partially during 
vacuum distillation and has b.p. 174-175° at 2-3 mm Hg. 


The molecular weights of these complexes in benzene (cryoscopically) corresponded to the monomers, which 
were partly dissociated to molecules (504 instead of 553 for the former and 787 instead of 833 for the latter), 


Measurement of the dipole moment of the complex SnCl, - 2(C4HgS in benzene by the usual method showed 
that the relation of € against C deviated from linearity as is characteristic for dissociating compounds, As was to be 
expected, with dissociation according to the scheme: 


SnClq-2 (Cyl Ip)oS (CyH9)2S -|- SnCl, (Cally)oS, 


there was an appreciable increase in the dipole moment (Table 1, compound No. 11). 


The dipole moment of SnCl,* 2(C4HgS, measured in the presence of a large excess of dibutyl sulfide, i.e., un- 


der conditions where dissociation is suppressed (Table 1, compound No, 12), was close to the moment found by dielec- 
trometric titration (3.93 and 4.11 D). 


For additional confirmation of the formation of complexes with the composition of 1:1 in the systems investiga - 
ted, we carried out a dielectrometric titration of an SnCly solution with the complex SnCl, + 2(C4H9gS (compound No. 
12), The course of the curves of e—C and d—C indicated the occurence of the reaction: 


SnCly- 2 (CyHo)sS -|- SnCly 2SnClq-(Cal 


The dipole moment found (6.2 D) was close to the dipole moment of the 1:1 complex. 


Had this reaction not occurred, we would have obtained a linear relation of € to C and a dipole moment of 
3.9-4.1 D. 


In order to determine the lability of the dibutyl sulfide molecules in the complex SnCl, + 2(CyHg)yS and find if 
they were equivalent, we carried out exchange experiments with dibutyl sulfide labeled with s*°_ For this purpose, a 
sample of the complex was dissolved in an equimolar amount of labeled dibutyl sulfide and then the mixture was treat - 
ed with ligroin, The precipitated complex was recrystallized from ligroin (m.p. 42°) and analyzed for radioactive 


sulfur, It was found that the exchange reaction reached equilibrium after 10-15 min at 18-20° and both sulfide mole - 
cules exchanged, 


As mentioned above, the complex-forming power of sulfides depends to a considerable extent on the structure 
of the molecules. The difference in the behavior of di-n-octyl and di-iso-octyl sulfides is apparently caused by steric 
hindrance in the latter. The difference in the behavior of aliphatic and aromatic sulfides is probably determined by a 
difference in the donor capacity of the sulfur atom. In aromatic compounds, the unshared 3p" -pair of electrons, which 
are responsible for the donor properties of the sulfur atom, react (are in the excited 3pd-state) with the 1-electrons of 
the neighboring carbon atoms, while this does not occur in aliphatic compounds. 


According to preliminary data, thiophene, like diphenyl sulfide, does not give donor— acceptor complexes with 
SnCl,. It probably forms 7-complexes of low polarity. In contrast to thiophene, thiophan behaves like alkyl sulfides. 
It is interesting to note that replacement of one chlorine atom in SnCl, by a phenyl group considerably reduces the 
acceptor properties, Phenyltin trichloride does not give complexes with dibutyl sulfide. 
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In Menshutkin reactions, the molecules of the tertiary amine and alkyl halide approach to a distance is only 
slightly greater than the length of the N—C bond in forming the activated complex, The intermolecular radii of atoms 
(characterizing their true volume) are much greater than the covalent radii; therefore, in the formation of the activa - 
ted complex, it is as if one molecule penetrates into the other with a decrease in volume, The introduction of bulky 
substitutents close to the reaction centers of the reacting molecules must lead to an additional decrease in the true 
volume during the formation of the activated complex as a result of the overlapping of the intermolecular (van der 
Waals) radii of these substitutents with the intermolecular radii of the atoms of the second reacting molecule, The de- 
crease in the true volume during the formation of the activated complex may be calculated if the model of this com- 
plex of the given reaction is known, However, this value is only part of the total volume change accompanying the 
formation of the activated complex (AV *), 


Together with the change in the true volume, the value AV * includes the change in the free volume during the 
formation of the activated complex and also the change in volume due to the different solvation of the starting mole - 
cule and the activated complex, The over-all change in volume accompanying the formation of the activated com- 
plex, AV *, may be found from experimental data on the pressure dependence of the reaction rate constant [1]: 

AV 
solvent, 


%, where k is the reaction rate constant and x is the isothermal compression coefficient of the 


M. G. Gonikberg and A, E, Kitaigorodskii [2] calculated the change in true volume during the formation of the 
activated complex (A,V) in some Menshutkin reactions from the overlap of spheres described by the intermolecular 
radii and compared these values with experimental data on the effect of pressure on the reaction rate constants, The 
change in the rate constant with pressure was found to be symbatic with the negative values of AyV *. The results of 
the work [2] indicated that the greater the steric hindrance to the chemical reaction, the more it should be accelera - 
ted by an increase in pressure, 


Available literature data on the effect of pressure on the rate of some Menshutkin reactions in acetone were 
used in [2], Our investigations showed that the volume effects of solvation in acetone are considerable in comparison 
with the effects in other solvents, It therefore seemed expedient to use a solvent for which these effects would be 
minimal, namely, nitrobenzene [5], In the present work we investigated Menshutkin reactions where the steric hin- 
drance was caused only by the introduction of substituents (methyl groups) into the reacting molecules and did not 
substantially affect the structure of the activated complex. 


We previously studied [5] the effect of pressure on the rate of the reaction of pyridine with ethyl iodide in nitro- 


benzene: CH, 
N | y (a) 


In the present work, a similar investigation was carried out with two sterically hindered [in comparison with (a)] 
reactions: that of 2,6-lutidine with ethyl iodide 


Cl CHI; 


and 2,6-lutidine with isopropyl iodide 
CN; a CHa 
€ N + (CHs)2CHI — ¢ 
ZN 
CHs CHs CHs 


We also investigated the reaction of y-ptcoline with ethyl iodide 


CHs 


CHs 


CHy + CaHsy CHy ~< SN CHa —€ NNGHs + 


The latter reaction did not differ from reaction (a) sterically, but the presence of the methyl group in position 
4 in the pyridine nucleus changed the polarity of the starting molecules and the activated complex, 


EX PERIMENTAL 
The method of purifying ethyl iodide and nitrobenzene and also their constants were given in [5]. 2,6-Lutidine 
of 93% purity was purified through the complex with urea [7], which was recrystallized twice from water and then 
decomposed with potassium hydroxide solution, After careful drying over solid KOH, the base was distilled on a frac- 
tionating column with an efficiency of 15 theoretical plates and had b.p, 143,9-144,0 (760 mm); ny 1.4977, 


The y -picoline was purified by the procedure described in [8] by the formation of its complex with calcium 
chloride; the purified and dried y -picoline was distilled on a fractionating column with the above efficiency when 
it had b.p. 145.1° (760mm); ni) 1.5059. 


The isopropyl iodide was purified [9] by shaking with metallic mercury for the removal of iodine and subsequent 
washing with water, dried with calcium chloride and metallic calcium, and distilled over copper on a fractionating 
column with the efficiency given, The fraction boiling at 89,3-89.4° (760 mm) was collected, 


The reaction of 2,6-lutidine with ethyl iodide was studied at 50 + 0.1° and pressures of 1, 500, 750, and 1,000 
kg / cm’, During each experiment, we took 5-6,15-ml samples of solution, The analysis procedure was modified 
somewhat in comparison with that used in [5]. The 15-ml sample of the solution investigated (at 20°) was poured 
into a separatory funnel, containing 25 ml of distilled water, 10 ml of benzene, and 25 ml of ligroin, After the mix- 
ture had been shaken repeatedly and allowed to settle, the lower, aqueous layer was run off into a titration flask, the 
residue was washed again with water (2 x 25 ml) and the aqueous layers also run into the titration flask. Before titra- 
tion of the iodide in solution, 15 drops of acetic acid was added to improve the determination of the equivalence 
point; the iodine ion concentration was determined by titration with 0,01 N AgNOs solution (from a microburette) in 
the presence of eosin, The initial reagent concentrations were equimolecular and equalled 0,2 M, The maximum 
conversions in the reaction did not exceed 3%, The following results were obtained: 

P, kg/cm? 1 4 1* 500 550 550 750 750 1000 1060 
10, liter- mole™!. min“! 1,54 1,34 1,22 4,94 2,07 2,92 2,35 2,36 2,70 2,87 


Reaction of 2,6-lutidine with isopropyl iodide. The experiments were carried out at 85 + 0,1° and pressures o1 
1, 500, and 1,000 kg/cm?, Samples were collected and analyzed in the same way as in the reaction of 2,6-lutidine 
with ethyl iodide. To check the order of the reaction, at each pressure we carried out experiments at two different 
initial reagent concentrations, 0,2 and 0,4 M (at 20°), As we did not know the densities of nitrobenzene at 85° and 
the pressures investigated, the rate constants were calculated without allowance for the change in concentration with 
temperature and pressure, In this case, AV * may be calculated from the formula: 


‘Olnk’ AV” 


where k’ is the reaction rate constant calculated for concentrations determined at 20° and atmospheric pressure. The 
measurement results are given in Table 1, An examination of the results of measurements at the same pressure, but 
at different initial concentrations of the starting materials shows that the reaction was second order, 


Reaction of y-picoline with ethyl iodide, The experiments were carried out at 50 + 0,1° and pressures of 1,250, 


* Experiment with initial reagent concentrations of 0.4 M, 


(c) 
1(CHs)s 
(d) 
|| 
571 


and 500 kg/ cm?,* The initial concentrations of y -picoline and ethyl iodide were equimolecular and equal to 0.1M, 
The experimental procedure was identical with that we used to study the reaction of pyridine with ethyl iodide [5]. 
The measurement results are given below: 

P, kg /cm® 

k- 10, 1,87 2,27 2,29 2,69 2,714 


The rate constants of this reaction at 40, 60, and 80° and atmospheric pressure were measured in [10]. The re- 
action rate constant at 50°, which we determined by interpolation of these data by means of the Arrhenius equation in 
the logarithmic form, was found to equal 1.9410 liter: mole~!- min“!, which agrees satisfactorily with the value 
we obtained. 


DISCUSSION OF RESULTS 
The values of AV ™ at atmospheric pressure for the reactions we studied were calculated from the results of the 
kinetic measurements by means of equations (1) and (2): 


Reaction 
AV+, em’/mole 23,8(°) 27,2 30,9 


As these data show, the negative value of AV * increased in 
Rate Constants of Reaction of 2, — _ the steric hindrance to the reaction. At the same time, the 
Isopropyl! Iodide at 85° (in liter- mole min introduction of a methyl group into position 4 of the pyridine 


nucleus had hardly any effect on the value of AV™, though it 
1 kg/em? 500kg/cm* | 1000 kg/cm? affected the reaction rate constant (increased it by a factor 
5 of approximately 2). This indicates that the value [AV *— 
3 ° 3 2 9 —AV *(q)] may serve as a characteristic of the steric hin- 
drance of the reactions we studied. We compared the experi- 
mental values of 1AV*—-AV tablex found in the present 
0.2 |0.2 [2.21] 0.2] 0.4 |3.41 10.2 | 0.4]4,84 work with the differences calculated for the model of the 
0.2 |0.4 12,22] 0.4] 0.4 13.65 ]0.4 | 0.4]4.87 activated complex [A,V *—A,V *(a)Jealc: The general 
0.4 10.4 |2.191 0.4 | 0.4 43.36 principle of this calculation was described in [2]. Without 


dwelling on the details of the calculations, we should note 
only that the interatomic distances N ---C and C ---1 in the activated complex we adopted were 10% greater than 
the corresponding bond lengths [11]. The activated complex was oriented in a Descartes system of coordinates and 
then the coordinates of the sterically interacting atoms and groups were determined;* * these coordinates were used 
to calculate the corresponding decreases in volume during the formation of the activated complex, The following 
values of the intermolecular radii R and bond lengths r (in angstroms) were used for the calculation: Ry=1.17, 
Ry = 1.57, Ro = 1.80, = 2.00, Ry=2.10, =1.47 (aliphat.), =1.37 (in the pyridine ring), t¢_c=1.54, 


2.10, t¢_4,=1.10. The results of calculation of the value *-4,V Jeate are given below, 


Reaction a b Cc d 


[Ay Ay CO/ mole ) 1,5 


The differences [A,V *-AiV*(ay] calc Calculated from the model of the activated complex are symbatic with 
the differences [AV *-AV™*(a)]Jexp, found experimentally, with the values of the latter for the sterically hindered 
reactions (b) and (c) less than the calculated values, This difference may be connected both with the inaccuracy of 
the starting data in the construction of the model of the activated complex and with steric hindrance to its solvation. 


The results of the present work make it possible to put forward the hypothesis that the difference AV *-AV,* 
(where AVo* refers to the least sterically hindered reaction, which is taken as a standard) may serve as a measure of 
the steric hindrance of similar chemical reactions. They also confirm the conclusion drawn previously [2] that the 
more sterically hindered a chemical reaction is, the more it is accelerated with an increase in pressure. Thus, the use 
of high pressure offers new possibilities of influencing the structural and steric direction of chemical reactions. 


* We were unable to carry out experiments at 750 kg/ cm* and above as y ~picoline apparently precipitates from nitro- 
benzene under these conditions. 


* *It was assumed that the formation of the activated complex did not involve a change in the valence angles 
CH in the 2,6-lutidine molecule. 
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In previous work [1,2] we established for the first time that HGeCl, readily adds without any activation and 
without catalysts to practically any unsaturated compound. 


4-C 


We therefore concluded that HGeCl, is more reactive in this reaction than HSiCl3, whose addition occurs only in the 
presence of catalysts and under more drastic conditions. 


In the present investigation we added HGeCl, to a further series of unsaturated compounds (see Table 1), The 
preparation of n-CgH,GeCl,, for example, by this method was much more convenient than "direct" or organomagnesi - 
um synthesis of this compound [3]. Trichlorogermane added vigorously to cyclopentadiene, while we were unable to 
add trichlorosilane to the latter even in the presence of HgPtClg with boiling. 


TABLE 1* 


| 
0 | | Yield, 
Starting compound | Compound obtained® a. EM | | 
.* calc,| found! % 
0. | 
GH, CHEM, C1,GeCH.CHLCH, 163,5 756 | | WAT | 
CM, CHO.CCH 97 19 1.5923 | 48,02) 
| 
GI,GeC,H, 87 | 1,5827 | 49,851 46,94 | 
CLCSCH, C1,GeCH, ~CHC1,** 10 |1,5176 | 41,8166 | 46,14] | 
CHL, 18200) 737 | 1.4520 | | 7 


* All the compounds given were shown to contain the theoretical amount of Ge by 
titration [2]. 


**Four chlorine atoms were titrated. 


To assess the relative reactivities of hydrides other than ClsMH, we prepared (C,Hs)3MH [4,5] (where M = Si, 
Ge, and Sn) by reduction of the corresponding (C,Hs5)3MH with LiA1H,. 


An attempt at the synthesis of (CgHs)sGeH by the action of CzH;MgBr on ClgzGeH was unsuccessful and (C,H;),Ge 
was mainly formed, while (C,Hs),SiH was obtained analogously in high yield. 


It is interesting to note that the treatment of (C,Hs)sMH with a normal alcohol solution of KOH at 20° in a 
Tservitinov apparatus led to the quantitative liberation of hydrogen only from the silicon and tin hydrides (Hg was lib- 
erated more rapidly from the latter), Triethylgermane did not yield hydrogen at all even when the temperature was 
raised to 80°, At the same time, there are reports [6] that in contrast to SiHy, SnHy and Gety do not react with aqueous alk - 
ali, All three hydrides (C,Hs)sMH added to propargyl alcohol and acrolein. Triethylstannane added to these compounds 


| 
Cl,GeC 
| | 
| 
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extremely vigorously and we were unable to isolate individual substances: only polymers were formed. On the other 
hand, triethylgermane added to propargyl alcohol only with a catalyst (HgPtCl,), i.e., like (C)Hs),SiH [7]: 


There was a difference between (C,Hs)gGeH and (C,Hs),SiH only in their reaction with allyl alcohol, While triethyl - 
silane formed exclusively allyloxytriethylsilane [8]: 


(CoH - Cll, CHCHLOSI (Cols) Te. 
(CgHs)sGeH added to the multiple bond: 


The addition of these two hydrides to acrolein also occurred at different reaction centers, As is known [9]; tri- 
ethylsilane adds in the 1-4 position: 
H 


We repeated the experiment of Lesbre and Satge [10] and satisfied ourselves that triethylgermane adds to acro- 


lein with great difficulty to form what is probably the corresponding aldehyde (poor analysis, but the infrared spectra 
indicated the presence of an aldehyde group). 


We synthesized other organogermanium carbo-substituted alcohols by the following schemes: 


(CH4)3Ge (Cl 1,CHLOH (where n 0, 
RMgX (Calls), 


CH CCHLOH \MgC = CCHLOMgX )aGeC CCHLON 


1,0 


Finally, starting from allytrimethylgermane, we prepared the first organogermanium mercaptan which could be cyan- 
oethylated readily. 


HSOCCH, NaOH 
Cl > (CH LCH.SOCCH, > 


CH, — CHICN 


The properties of the compounds obtained are given in Table 2. 
The Raman spectra were plotted by L. A, Leitis. 


EX PERIMENTAL 
Propyltrichlorogermane n-C,H7GeCl,. A stream of propylene was passed for 4 hr through 116 g of trichlorogermane 
(with~30% GeCl,) [1]. The reaction mixture heated up to ~50°, After cooling, the contents of the flask were heated 
on a hot plate at ~90° for 2 hr in a continuous stream of propylene, Distillation on a column yielded 38 g of GeCl, 
with b.p. 83° and 81 g of propyltrichlorogermane with b.p. 163.5°. The yield was 85% on pure trichlorogermane, 


Raman spectrum, Av incm™!: 147(9broad), 173(9), 190(0), 255(5broad), 303(7), 342(2), 384(8), 41910), 429 
broad), 5896), 663(8), 756(0), 801(0), 877(2), 897(0), 10295), 1071(8), 1105(1), 1143(1 broad), 11701), 11907), 
1211(2), 1248(0), 1300 1double), 1343(2), 138%1), 14102), 1452(6broad), 1481(1), 2875(9), 2914( 9), 2937(9), 29717). 


B -(Trichlorogermyl)-ethyl acetate ClyG@CH,CH,O,CCHg, With stirring, 54 g of trichlorogermane [1] was added 
to 27 g of vinyl acetate at such a rate that the temperature of the mixture did not rise above 70°. Vacuum distillation 
yielded 32 g of ClhGeCH,CH,0,CCHsg, with b.p. 97-98° at 15 mm. The yield was 57%, 


B ~Trimethylgermyl)-ethanol (CHs)s;GeCH,CH,OH. To the CHgsMgCl From 35 g of Mg in 0.6 liter of ether was 
added 48. g of 6 -(trichlorogermyl)-ethyl acetate. After being boiled for an hour, the contents of the flask were de- 
composed with 10% HCl. The ether layer and ether extracts from the aqueous layer were dried with NagSQ,. Vacuum 
distillation yielded 23 g of (CH3)sGeCH,CH,OH with b.p. 48° at 10 mm. 


Raman spectrum, Av in cm7!: 150(2broad), 197 v. 


broad), 281(2broad), 55910), 604(8broad), 88K3), 1051(1), 


o SS2588 1086(0), 1242(4broad), 1416(1broad), 1461(2broad), 2864(1 
broad), 2915 9broad), 2975( 9broad). 
_y-(Trimethylgermyl)-propanol was obtained analo- 
gously from y ~(trichlorogermyl)-propyl acetate [1]. 
= O &- 
5 y -(Triethylgerm yl)- propanol (C,Hs)sGeC H,OH. 
A mixture of 18 g of allyl alcohol, 20 g of (C,Hs),GeH and 2 
ad drops of a 0.1 N solution of 6HgO in isopropanol was 
heated at ~90° for 4 hr, Vacuum distillation yielded 24 g of 
8 BR, BE (CyHs)gGeC Hz,CH,CH,OH, with b.p. 89-90° at 3mm. The 
es yield was 73%. 
y -(Triethylgermyl)-allyl alcohol (C,Hs)sGeCH= 
Six FSShRESBASSSIRSSRR CHCH,OH. Under the conditions of the previous experiment 
from 12 g of propargyl alcohol, 18 g of (C,Hs);GeH and 2-3 
drops of catalyst we obtained 16 g of (C,Hs)s;GeCH = CHCH,OH, 
| SSRs with 112-113° at 12 mm, The yield was 37%, 
P y 
Raman spectrum, Av incm™!: 173(10), 293), 491(1), 
526(4), 54K 10broad), 583(10broad), 921(1), 9795), 1024(4 
255922 broad), 10880), 1104(4), 1168(1), 122610), 1251(1), 1302(4), 
1384(0), 1408(1), 1432(2), 1463(6), 1621(4), 282K1), 2878(9), 
291010), 2933(8), 2961(8). 
Als oOo alcohol (C,Hs),GeC= 
. To the K CyHsMgBr, f 2 {M d 120 
CCH,OH rom 25 g of Mg an g 
SSH aA of ethyl bromide in 0.3 liter of ether was added 20 g of pro- 
set = rd = pargyl alcohol and after 5 hr, 70 g of (C,Hs)gGeBr. The con- 
mOoSoNtHe#od w tents of the flask were boiled for 2 hr and decomposed with 
ex | 10%HCI. The usual treatment yielded 15 g of (C,Hs)Ge 
ddd ddd ddd and 42 g of (C,Hs)sGeC =CCH,OH with b.p, 111-112° at 9 
mm. The yield was 67%. 
DOA oO oO 
2A y -(Trimethylgermyl)-propyl thioacetate (CH Hg 
| CHCHSOCCHs. The addition of 20 g of thioacetic acid to 
Eg 16 g of allyltrimethylgermane was accompanied by heat evo- 
E be rs f£ = lution. The mixture was heated for half an hour at 50° and 
a. then vacuum distilled to yield 22 g of (CHg)sGeCH,CH,CH, 
SOCCHs, with b.p. 90-91° at 7 mm. The yield was 94%, 
Bo of 
be aaa = 8 Toa solution of 5 g of NaOH in 25 ml of water and 12 ml of 
alcohol was added 18 g of y ~(trimethylgermyl)-propyl thio- 
- 2 acetate. The contents of the flask were stirred vigorously and 
8 a O 6 boiled in a nitrogen atmosphere for 3 hr, The organic layer 
was then separated from the aqueous layer and the latter ex - 
tracted with ether. Drying over Na,SO, and vacuum distilla - 
Q tion yielded 10 g of with a b.p. of 
| 54-55° at 8mm. The yield was 68%. 
Itrimethylgermane was added 1-2 drops of a solution o 
SS Caium meen 


sodium methylate in methanol and then 5 g of acrylonitrile 
at such a rate that the temperature did not rise above ~70°, 
The liquid was then washed with dilute HCl, dried with CaCl,, 
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and distilled. We obtained 6 g of (CH3)gGe (CHg)3SCHgCHCN, with b.p. 144-146° at 8 mm. The yield was 45%. 
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Diphenyl guanidine (DPG) is one of the commonest vulcanization accelerators, which guarantees high dynamic 
properties of the vulcanizates, Nonetheless, the mechanism of the action DPG has not been determined up to now. In 
this connection it seemed interesting to examine the thermal decomposition of DPG at vulcanization temperatures and 
investigate its reaction with sulfur. 


Decomposition of DPG in a melt. As was established previously [1], when DPG was heated at 140° in an argon 
atmosphere there was the liberation of ammonia and the formation of aniline, tetraphenylmelamine, and small amounts 
of triphenyldicarbamide, The liberation of ammonia became appreciable at 136°,i.e., at the vulcanization tempera - 
ture (Fig.1), The formation of ammonia occurred at a constant rate at 136 and 145°; over the temperature range of 
157-180°, the process was described by the equation of a first-order reaction. The apparent activation energy of am- 
monia formation for these three temperatures was 25.7 kcal. The experimental data show that approximately 50% of 
the accelerator taken decomposed in 30 min at 140°, In an investigation of the vulcanization of natural rubber, it was 
established [2] that the loss of DPG in 30 min of vulcanization was 40% and in 90 min, about 50% with the rate of 
DPG consumption substantially affected by the presence of zinc oxide in the system. 


Decomposition of DPG in solution. As solvents we 
used high-boiling hydrocarbons with various dipole mo- 
ments (naphthalene, O, xylene, 0.62, isopropylbenzene, 
0.65, and glycerol, 2.96), The decomposition was carried 
out at 140° in a stream of argon for 5-6 hr. As Fig.2 shows, 
the kinetic curves for the formation of ammonia during the 
decomposition of accelerator in solution and in a melt were 
analogous, The solvent did not have an appreciable effect 
on the rate of ammonia formation (in relation to the dipole 
10 a mest moment) in the initial stage of the reaction, The latter 
may provide indirect evidence of the possibility of decom - 
n position by a homolytic mechanism, The decomposition of 
360 min DPG in a xylene solution of rubber indicated the absence of 
Fig, 1. Effect of temperature on the kinetics of am- senction of DPG and its intermediate decomposition products 
monia formation during DPG decomposition. 1) 196°, with polymer molecules, haves amount of ammonia formed 
2) 145°, 3) 157°, 4) 170°, 5) 180°, in this case comesponded quite well to the amounts formed 

during the decomposition of the accelerator in pure xylene 
(Fig.2), According to viscosity measurements, prolonged 
heating of rubber solutions at 140° with DPG did not produce any appreciable structural changes in the polymer. 


mole/mole 
40 


1 
0 6010) 180 040300 


Reaction of DPG with sulfur, The reaction was carried out in o-xylene with the ratio of accelerator to sulfur 
varied from 1: 0,25 to 1:4, The reaction was accompanied by the formation of tarry involatile products and the liber- 
ation of hydrogen sulfide. The process proceeded at a constant rate only with a molar ratio of accelerator to sulfur 
(Fig, 3,1), A decrease in the concentration of sulfur introduced to 0,25 to 0.5 mole per mole of accelerator led to the 
appearance of an induction period (curves 2 and 4), An increase in the sulfur concentration to 4 moles per mole of 
DPG substantially changed the form of the kinetic curve of hydrogen sulfide formation (curve 3), The presence of the 


induction period on the kinetic curves of hydrogen sulfide formation is apparently associated with the formation of 
salt complexes of the type CygtlygN3" HgS, since there is an excess of undecomposed DPG in the system in the initial 
stage of the reaction, With an increase in the sulfur concentration, the equilibrium of formation and decomposition 
of the saltlike complex is displaced towards the liberation of large amounts of free hydrogen sulfide. Below we give 
data on the yicld of hydrogen sulfide in equivalents of the sulfur introduced: 
Ratio of DPG: sulfur, mol. H,S sulfur as fraction of original 

1: 0.25 0.00295 

1: 0.5 0.00209 

1:1.0 0.00137 

1:4.0 0,0007 


mole/mole /liter 


180900 in 


Fig. 3. Effect of DPG: S ratio on the kinetics of 
H2S formation in o-xylene at 140°, 1) 1:1, 2) 
2:1,3)1:4, 4) 1: 0.25. 


These data show that 2 moles of DPG are consumed in the 
formation of 1 mole of hydrogen sulfide, 


0 60 BU 240 min The involatile reaction products were separated by chroma - 


tography of the mixture on alumina. Separate fractions of the crys- 
talline and tarry products isolated after appropriate purification 
were examined by means of the infrared and ultraviolet spectra. A 
detailed interpretation of the infrared spectra obtained is hampered 
by the lack of sufficiently reliable data on the positions of absorp- 
tion bands for aromatic amines and their derivatives. 


Fig. 2. Effect of solvents on the kinetics of 
ammonia formation at 140°, 1)o-Xylene; 
2) isopropylbenzene; 3) naphthalene; 4)gly- 
cerol; 5) solution of rubber in o-xylene. 


220) 250 a 500 530 600Mu 


Fig. 4. Ultraviolet absorption spectra of the products from the reaction of DPG 
with sulfur at 140°. The numbers on the curves correspond to the fractions ob- 
tained in chromatogra phy of the mixture, 


2 
8 
| 
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In addition, the interpretation of characteristic bands for the N-H bond in secondary aromatic amines is impeded as 
this region also contains absorption bands caused by valence vibrations of the C =C bond ina ring. The ultraviolet 
absorption spectra indicated the presence of sulfur-containing groups in the compounds investigated, The nature of 
the spectral curves in this region is analogous to that of spectral curves obtained by various authors in the investigation 
of low-molecular linear sulfides (Fig.4), The presence of quite sharp absorption maxima in the region of 300-380 m j: 
may be connected with the presence of linear polysulfides containing from 2 to 5 sulfur atoms in the mixture investi - 
gated, The presence of absorption bands in the infrared spectrum at 1480-1490 cm “! and in the ultraviolet spectrum 
at 590-620 my, may be caused by a C =S group. The absorption at 1335-1355 cm? is apparently caused by the pres - 
ence of CgHsNH,. The presence of absorption at 1480-1490 cm“ and 590-620 my, which corresponds to a thioketo 
group, gives grounds for considering that together with decomposition of the accelerator and formation of polysulfides, 
there is also a reaction of HgS with the accelerator molecule to form a thiourea derivative. The formation of this 
product evidently may be analogous to the reaction of guanidine and its derivatives with water, 


LITERATURE CITED 
Rathke, Oppenheim, Ber,, 23, 1672 (1890). 
Wistinghausen, Kautschuk, 5, 57, 75 (1929), 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


2. 
580 


SYNTHESIS AND GEOMETRIC CONFIGURATION OF DIETHYL 
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In 1936, R. Kuhn and Grundmann [1] developed a general method for the synthesis of polyene dicarboxylic acids 
from polyene monocarboxylic acids and used this multistage, complex method for synthesizing hexadeca -2,4,6,8,10, 
12,14-heptaene-1,16-dioic acid (descrocetin) [2]. 


Investigations of later years showed that polyene dicarboxylic acids of the type HOOC(CH =CH),COOH, are me- 
tabolites of a series of fungi and microorganisms [3,4], which are quite wide spread in nature. In particular, in 1953 
Brockman and Grothe [5] isolated from the culture liquid of Streptomyces limosus a yellow pigment limocrocin, which 
was found to be a derivative of descrocetin [6]. All this indicates the importance of developing convenient methods 
for synthesizing polyene dicarboxylic acids, which undoubtedly may have interesting antibiotic properties. 


We used for the synthesis of diethyl ester of the type CgHsO0OC (CH = CH), COOC;Hg (n= 5.7) a combination of 


the building up of acetals with vinyl ethers and the Wittig reaction, which we used previously for the synthesis of esters 
of alkoxy dicarboxylic acids of the type CgHs;0OCCH = CH(CHgC H(OC3Hs)),,C HyCH = CHCOOC3Hg [7]. The same route 
was used by Isler for the synthesis of crocetin [8-10]. 


As the starting material we used the readily accessible tetraethyl acetal of maleic dialdehyde (II), which was 
obtained by hydrogenation of the tetraethyl acetal of butynedial (1) in the presence of Lindlar's catalyst. The build- 
ing up of (II) with vinyl ethyl ether was carried out in the presence of boron trifluoride etherate. Hydrolysis of the 1, 
1,3,6,8,8-hexaethoxyoct -4 -ene (III) obtained with phosphoric acid gave a good yield of octa-2,4,-6-triene -1,8-dial 
(IV). By the Wittig reaction between (IV) and carbethoxy-methylenephosphorane (V) or carbethoxyvinylmethylene- 
phosphorane (VI) we obtained the diethyl esters of dodeca-2,4,6,8,10-pentaene -1,12-dioic (VII) and hexadeca -2,4,6, 
8,10,12,14-heptaene -1,16-dioic acids (VIII), In this way we developed a simple and accessible route to the synthesis 
of polyene dicarboxylic acids with an odd number of conjugated double bonds, which may be used for the preparation 
of any higher compounds of this type: 


(C,H,0),CHC=CCH(OC, Hy Hy), 
(iQ 


CH=CH H. 


OCH, OCH, 


HOCCH==CHCH=CHCH=CHCHO 


C,H,OOC(CH=CH), 
(vil) (Vill) 


(IV) 
(CRY 
cw 
(Wy Cog 
= 
a 
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To determine the geometric configurations of all the compounds obtained above, we studied their infrared spec- 
tra in the region of nonplanar deformational vibrations of C—H bonds (700-850 and 900-1,000 cm”) and for the com- 
pounds with one double bond, (II) and(III), we also studied the valence vibrations of the double bond in the Raman 
spectra (in the regions of 1652-1662 and 1668-1678 cm™'), It was found that the starting compound (II) was not an 
individual compound and contained some of the trans-isomer (the presence of bands at 1652 and 1674 cm“) and con- 
sequently the hydrogenation of (I) was not stereospecific. All the other compounds, (III), (IV), (VII), and (VIII), had 
completely trans-configurations and their infrared spectra contained bands of nonplanar deformational vibrations of 
C~—H bonds only in the region of 900-1,000 cm “1 The Raman spectrum of (III) contained a band only at 1668 cm~! 
(trans-configuration at the double bond) and consequently the build up of the diacetal (II) was accompanied by a com- 
plete change in the geometric configuration, 


The diethyl ester of descrocetin (VIII) which we obtained was found to be identical with that described by Kuhn, 
for which a trans-configuration was adopted previously solely on the bases of the synthesis method, 


EXPERIMENTAL 

Tetraethyl acetal of maleic dialdehyde (II), A 103.2 g sample (0.448 mole) of the tetraethyl acetal of butyne - 
dial (1) (obtained by the procedure described in [11]) was hydrogenated in 150 ml of hexane in the presence of 10 g 
of Lindlar's catalyst at 18° and 758 mm. The hydrogenation was stopped when 11 liters of Hg (theoretical 11.1 liters) 
had been absorbed, The catalyst was removed by filtration and washed carefully with hexane, the solvent removed, 
and the residue distilled, We obtained 86.3 g (83% of theoretical) of the tetraethyl acetal of maleic dialdehyde (ID) 
with b.p. 93-95° at 3.5 mm and nj5® 1.4254 [12]. Raman spectrum: 1652 and 1674 cm"}, 


1,1,3,6,8,8-Hexaethoxyoct-4-ene (III), To a mixture of 90.7 g (0.39 mole) of the tetraethyl acetal of maleic 
dialdehyde (II) and 1 drop of boron trifluoride etherate at 30° was gradually added 56.16 g (0.76 mole) of vinyl ethyl 
ether at such a rate that the temperature did not rise above 30-35°. The mixture was heated at 40-45° for an hour, 
diluted with ether, washed with 5% sodium hydroxide solution and water, and dried with fused potassium carbonate. 
After removal of the solvent, the residue was distilled to yield 84.7 g (64.5% of theoretical) of the ether acetal (III) 
with b.p, 134-138° at 0.5 mm and ny 1.4373 Raman spectrum: 1688 cm“}, 

Found%: C 63.26, 63.52; H 10.50, 10.60. 
Calculated %: C 63.75; H 10.71. 


Octa -2,4,6-triene-1,8-dial (IV), A mixture of 94.7 g of the ether acetal (III), 15 ml of water, 8 g of 85% phos- 
phoric acid, and 230 ml of dioxane was boiled in the presence of traces of hydroquinone in a stream of nitrogen for 
7 hr with a slow distillation of the water—alcohol—dioxane azeotrope (1 drop,5 sec) and simultaneous addition of a 
mixture of dioxane and water (4:1) to the reaction mixture at the same rate, The reaction mixture was poured into 
1.5 liter of cold water and the reaction product carefully extracted with chloroform. Drying with magnesium sulfate 
and removal of the solvent yielded 19,6 g of the dialdehyde (IV) with m.p. 144-145° (from a mixture of chloroform 
and ether) and we regenerated 21,2 g of unhydrolyzed ether acetal (III), The yield of the dialdehyde (IV) was 74.1%, 
calculated on the ether acetal reacting. Ayjqx(Alcohol) 317 my (e =3 000), infrared spectrum (in chloroform): 1623 
(double bonds), 1667 (conjungation of the double bond with C=O), 992.1 cm“! (vibration of hydrogen at trans-C =C 
bond), 


Found%: C 70,16, 70,15; H 6.08, 5.94. 
CgHg0O2. Calculated %: C 70.57; H 5.92. 


Diethyl ester of dodeca-2,4,6,8,10-pentaene-1,12-dioic acid (VID). A solution of 1.36 g (0.01 mole) of the di- 
aldehyde (IV) and 6,98 g (0,02 mole) of carbethoxymethylenephosphorane (V) [13] in 150 ml of benzene was boiled 
for 6 hr in a stream of nitrogen, The residue after evaporation of the solvent was treated with 15 ml of methanol to 
yield 0.5 g of the ester (VII), Evaporation of the mother solution and treatment of the residue with 8 ml of methanol 
yielded 0,7 g of the ester (VII), A repeat of this operation yielded a further 0.4 g of the ester (VII), We obtained a 
total of 1.6 g of the ester (VII) (57% of theoretical) as light yellow plates with m.p. 157.5-159.5° (from a mixture of 
chloroform and methanol), Amax (Chloroform): 270, 368, 388 my (« =4,400, 99,500, 95,500), Infrared spectrum 
(in oil): 1597 (very weak band), 1623, 1696 (CO group conjugated with double bond), 1012 cm “1 (vibration of hydro- 
gen at trans-C =C bond). 

Found%: C 69.56, 69.52; H 7.58, 7.40. 
Calculated %: C 69.54; H 7.30. 


Diethyl ester of hexadeca-2,4,6,8,10,12,14-heptaene-1,16-dioic acid (Diethyl ester of descrocetin) (VIII. A 
solution of 1.36 g (0.01 mole) of the dialdehyde (IV) in 150 ml of benzene was added dropwise over a period of an 


hour with cooling with water to a solution of 9.37 g (0,025 mole) of carbethoxyvinylmethylenephosphorane (106-110° 
in the bath) for 5 hr. On the following day, the precipitated crystals of (VIII) were collected, The residue was evapo- 
rated in vacuum and treated with methanol and the crystals collected; this operation was repeated twice. We obtained 
a total of 0.3 g of the diethyl ester of descrocetin (VIII) with m.p. 210,5-211.5°, Amax (chloroform) 255 m p (e = 
27,000), and A; 43x (pyridine) 417.5, 443 my, which correspond to literature data [2]. Infrared spectrum: 1595 (very 
weak band), 1623, 1696, 1014 cm™ (vibration of hydrogen at trans-C =C bond): no band was detected in the region of 
700-850 


The ultraviolet spectra were plotted on an SF-4 instrument, the infrared spectra on an IKS-12 instrument, and 
the Raman spectra on an [SP-51 instrument. 
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The molecular rearrangements in the ferrocene series known up to now are rearrangements in the side chain 
[1,2]. Such typical rearrangements of benzene derivatives as the Claisen [3], Fries [4], and Sommelet [2] rearrange - 
ments could not be achieved in the ferrocene series. These rearrangements of aromatic compounds of the benzene 
series proceed intramolecularly,* i.e,, are rearrangements of the type which is closely connected with the specific 
nature of the electronic interactions inside the aromatic ring. In this connection, it seemed very interesting to ex - 


tend the range of ferrocene compounds whose behavior has been studied under the conditions of rearrangements char - 
acteristic of benzene derivatives, 


In the present work we synthesized azoferrocene, studied its reaction with reagents which convert azobenzene 
into benzidine, and investigated the behavior of azoferrocene under the conditions for the preparation of hydrazo com - 
pounds and their subsequent rearrangement to benzidine. In no case did we detect a compound of the benzidine type. 


Azo derivatives of ferrocene have remained unknown until recently, They could not be prepared by the action 
of diazo compounds on ferrocene [6-9], Attempts to diazotize aminoferrocene were also unsuccessful [10]. Knox [11] 


recently synthesized methyl- and phenylazoferrocene directly from methyl- and phenylazocyclopentadienyllithium 
and ferrous chloride, 


We prepared azoferrocene by the action of nitrous oxide on ferrocenyllithium [12]. An analogous reaction was 
described previously for phenyllithium [13,14]. 


C,H, FeC, V1, Li 


We studied the behavior of azoferrocene under conditions where benzidine is formed from azobenzene, namely, 
treatment of azobenzene with strong acids in almost any organic solvent [15]. Azoferrocene did not give compounds 
of the benzidine type under these conditions. When treated with concentrated hydrochloric or sulfuric acid, azoferro- 
cene was partly converted to ferrocenylamine and partly decomposed, 


The difference in the properties of azoferrocene and azobenzene is apparently explained by the effect of the 
iron atom, The stability of the ferrocenylmethyl cationC;HsFeCsHyC*t H2, which has been noted in a series of papers 
[16], and the conversion of this carbonium ion to the ion-radical [17] CsH;Fe+tC,H,CH, - convincingly demonstrate 


the capacity of the a-ferrocenylmethyl cation for intramolecular oxidation—reduction reactions involving the elec- 
trons of the iron atom, 


This phenomenon is probably common to ferrocene derivatives and the peculiar behavior of azoferrocene under 
the action of strong acids which we observed may be explained from this point of view. In the presence of a strong 
acid, azoferrocene is protonized* * to form the cation I, whose positive charge is neutralized as a result of the dona- 
tion of electrons by the iron atom and the formation of the ion-radical II, which then gives ferrocenylamine and products 
from clevage of the ferrocene nucleus under the action of the acid, 


* The mechanism of the Fries rearrangement has not been elucidated, Gershzon [5] put forward a series of weighty 


arguments in favor of an intramolecular mechanism for this rearrangement in the case of aromatic ester of aliphatic 
and aliphatic -aromatic acids, 


** It is improbable that protonization of the iron atom [18] will play a substantial role in the given case. 
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On the basis of the work of Little and Clark [19] on the structure of phenylazo derivatives of ferrocene, to which 
they assigned a quinoid structure in accordance with results of a spectroscopic investigation, it may be assumed that 
the ion-radical II has the structure IIL. 


We then studied the reduction of azoferrocene under conditions where azobenzene gives an almost quantitative 
yield of hydrazobenzene and aniline is not formed. It was found that azoferrocene did not react with lithium alumi- 
num hydride, phenylmagnesium bromide, or lithium in tetrahydrofuran, while hydrazine hydrate and zinc in an alka- 
line medium reduced it to ferrocenylamine (20 and 76% yield, respectively), Behavior similar to azoferrocene is also 
shown among benzene derivatives as it was shown [20] that azobenzene with electron-donor substituents are reduced 
to hydrazo compounds with more difficulty than azobenzene itself, but cleavage of the corresponding hydrazo com - 


pound to the amine proceeds more readily. The electron-donor properties of the ferrocenyl group are known to be 
considerably greater than those of the phenyl group. 


On studying the reduction with zinc dust, we obtained data indicating the intermediate formation of hydrazo- 
ferrocene. Thus, when the reaction mixture was stirred and heated, the violet color characteristic of azoferrocene 
gradually disappeared and the solution became pale yellow. However, the color reappeared as soon as stirring was 
stopped and the zinc settled, This was repeated several times until finally the color disappeared irreversibly. It is 
probable that the intermediate product in the reduction of azoferrocene is hydrazoferrocene, which is then reduced 
to the amine, and there is also disproportionation of the hydrazoferrocene to form azoferrocene and ferrocenylamine. 


C;H3FeC;HaNHe 
H- 
CsI = NC; HyFeCst 1; 


In the absence of the reducing agent there is only disproportionation and the concentration of azoferrocene rapidly 
increases, as is shown by the appearance of the violet color. If the reduction was stopped at the first disappearance 
of the violet color and the reaction mixture then divided into two parts, one of which was treated with dilute hydro- 
chloric acid and the other first shaken for a short time in air, a mixture of azoferrocene and ferrocenylamine was ob- 
tained in both cases, but in the second case the amount of azoferrocene was considerably greater and the amount of 
ferrocenylamine correspondingly less. It is evident that the disproportionation* of hydrazoferrocene to the amine and 
azo compound was completed rapidly in the first part under the action of dilute hydrochloric acid, while the hydra - 


zoferrocene that had not disproportionated previously was oxidized to azoferrocene by atmospheric oxygen in the 
second part, 


No amines other than ferrocenylamine could be detected in any case, indicating that a rearrangement of the 
benzidine type did not occur. 


It is evident that rearrangements of aromatic compounds of the benzene series, which proceed intramolecularly, 
do not occur among ferrocene derivatives, In all cases a major part is played by the general capacity of the system 
to donate electrons, the analogy between ferrocene and benzene or, better, its derivatives with electron-donor sub- 


* Hydrazobenzene is disproportionated only on heating above 100°, while the action of acids produces the benzidine 
rearrangement, Disproportionation also occurs in the latter case, but to an insignificant extent. The introduction of 
electron-donor substitutents appreciably facilitates disproportionation [21]. 


N--NH- 
Fet 
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stitutents, is quite logical and has been fruitful, as shown by the successful study of the properties of ferrocene, based 
on the analogy with aromatic compounds of the benzene series. Rearrangements of benzene derivatives of an intra- 
molecular nature normally proceed through a cyclic transition state, including a structure of the quinoid type. In 
the case of ferrocene derivatives, analogous transition states can not have a similar character because structures of 
this type clearly show the specific nature of the electronic interactions inside the given system and a decisive role 
will be played by the iron in ferrocene derivatives, In addition, "quinoid™ structures in the benzene series will cor- 
respond to “fulvenoid™ structures of the type shown above in structure III in the ferrocene series. Complex analogy 
in the transfer of electronic effects for these two types of structure is improbable, 


EXPERIMENTAL 

Preparation of azoferrocene [12]. Into a solution of 0.04 mole of ferrocenyllithium,* from 20 g (0.11 mole) 
of ferrocene and 0,1 mole of butyllithium in 300 ml of a mixture (2:1) of absolute ether and tetrahydrofuran was 
passed nitrous oxide (8 liters) over a period of 30 min with stirring and cooling (bath temperature -15°), The reac- 
tion mixture was then stirred at room temperature for 1 hr and left overnight. 


The azoferrocene was separated from the other reaction products by chromatography on Al,Og and recrystallized 

from benzene, The yield was 2 g (25% of theoretical), The m.p. was 256-258° (with decomp.) in a sealed capillary. 
Found %: C 59.91, 60.10, H 4.88, 4.79; Fe 28.14, 28.11, N 7.27. 
CooHigNo. Calculated %: C 60.34; H 4.55; Fe 28.06; N 7.03, 


Ultraviolet spectrum (in isooctane): Ajyqx 315, 375, 510 my (Ig & 2.55, 1.88, 1.91). 


max 


Action of conc, HgSO, on azoferrocene, A 0.5 g sample (0.00125 mole) of azoferrocene was ground carefully 
with a mixture of 0.2 g (0.0020 mole) of 98% HgSO, and 8 ml of benzyl alcohol. The reaction mixture was then 
shaken for 8 hr at room temperature and left overnight. The 100 ml of water and 100 ml of benzene were added. 
The organic layer was separated, washed with 2 N HCl and water, dried with NagSO,, and chromatographed on Al,03, 
We isolated 0,32 g of azoferrocene (63% of that taken). 


The sulfuric acid solution together with the hydrochloric acid extracts was made alkaline with 2 N NaOH and 
extracted with ether, The ether extracts were washed with water and dried with K,CO,. The ether was evaporated 
in vacuum under Ng. We obtained 0.05 g (10%of theoretical) of ferrocenylamine, which was sublimed in vacuum. 


It had m.p. 150-154° in a sealed capillary under Ng; a mixed melting point with an authentic sample was not de- 
pressed. 


The iron hydroxide which precipitated when the acid solution was made alkaline was collected, reprecipitated 
with ammonia, and fired in a muffle furnace. We obtained 0.05 g of Fe,O3, which corresponds to 0.13 g (26% of 
azoferrocene decomposed, 


Action of conc, HCl on azoferrocene, A 0,1 g sample of azoferrocene was dissolved in 4 ml of conc. HCl. The 
hydrochloric acid solution was made alkaline and extracted with ether. The ferrocenylamine and Fe,O, were isolated 
as in the previous experiment. We obtained 0.44 g (44 %yield) of ferrocenylamine and 0.02 g of FegO3, which corres- 
ponds to 0.05 g (50% of azoferrocene decomposed. 


Reduction with Zn dust in an alkaline medium. 


Experiment No. 1. A mixture of 0.1 g of azoferrocene, 25 ml of alcohol, 10 ml of benzene, 0.5 mo of 20% 
NaOH, and 20 g of Zn dust was heated with vigorous stirring in an atmosphere of pure nitrogen until the violet color 
disappeared (15 min) and thendiluted with 200 ml of benzene and filtered under nitrogen into a separating funnel. 
The solution, which again had a violet color, was separated into two equal parts, One part was immediately extract- 
ed with 3%HCI.** From the organic layer we isolated 0.02 g (20% of the starting azoferrocene and treatment of the 
acid extracts with alkali yielded 0,023 g (23% of ferrocenylamine. 


The second part was first shaken for 20 min with air. From the organic layer we isolated 0.040 g (40% of 
azoferrocene and treatment of the acid extracts with alkali yielded 0.013 g (13% of ferrocenylamine. 


Experiment No. 2. This experiment was analogous to the previous one, but stirring and heating were continued 


* The ferrocenyllithium yield was determined from the amount of ferrocenecarboxylic acid formed after carboxyla - 
tion of a separate sample of the solution. 
**Azoferrocene does not react with dilute HCl. 


until the color disappeared irreversibly (Ihr), The solution was filtered free from zinc and after saturation with air, 
extracted with 3% HCl. Treatment of the acid extracts with alkali yielded 0.076 g of ferrocenylamine. The yield 
was 76% of theoretical. No azoferrocene was detected in the benzene layer. 


LITERATURE CITED 

1, K, Schlogl, H. Seiler, Naturwiss., 45, 337 (1958); A. Berger, J. Kleinberg, W. E. McEwen, Chem. and Ind., 
1960, 204, 

2. ©. R. Hauser et al., J. Org. Chem., 23, 358 (1958). 

3 A. N. Nesmeyanov, V. A. Sazonova, V. N. Drozd, and L, A. Nikonova, DAN, 133, 126 (1960). 

4. R. E, Benson, R, V. Lindsay, J. Am, Chem. Soc., 79, 5471 (1957). 

5. G, L Gershzon, ZhOKh, 13, 84 (1943), 

6 A, N. Nesmeyanov, E. G. Perevalova, R. V. Golovnya, and O, A, Nesmeyanova, DAN, 97, 459 (1954), 

7. A. N. Nesmeyanov, E. G. Perevalova, and R. V. Golvnya, DAN, 99, 539 (1954). 

8.  G. D. Broadhead, P. L. Pauson, J. Chem, Soc,, 1955, 367. 

9. | V. Weinmayr, J. Am, Chem. Soc., 77, 3012 (1955). 

10. A. N. Nesmeyanov, E. G. Perevalova, R. V. Golovnya, and L. S. Shilovtseva, DAN, 102, 535 (1955). 


11. G.R. Knox, Proc. Chem. Soc., 1959, 56. 

12. A. N, Nesmeyanov, E. G. Perevalova, and T, V. Nikitina, Tetrahedron Letters, No. 1, 1 (1960), 

13, F. M. Beringer, J. A. Farr, S, Sands, J. Am. Chem. Soc., 75, 3984 (1953), 

14. R. Meier, W. Frank, Ber., 89, 2747 (1956). 

15. A. N. Nesmeyanov and R, V. Golovnya, DAN, 133, 1337 (1960). 

16. L. H. Richards, E. A. Hill, J. Am. Chem. Soc., 81, 3484 (1959); D, S. Trifan, R. Bacskai, Tetrahedron Letters, 


No. 13, 1 (1960); M. F. Hawthorne, J. Org. Chem., 21, 363 (1956); C. Jutz, Tetrahedron Letters, No. 2, 1 (1959); 
G. R. Buell, W. E. McEwen, J. Kleinberg, Tetrahedron Letters, No. 5, 16 (1959). 

17, A, Berger, J. K, Kleinberg, W. E, McEwen, Chem. and Ind., 1960, 1245. 

18. TT. J. Cruphey, J, O, Santer et al., J. Am, Chem, Soc., 82, 5249 (1960), 

19, W. F, Little, A. K, Clark, J. Org. Chem., 25, 1979 (1960), 

20. Mz, Khalifa, J. Chem. Soc., 1960, 1854; M. Khalifa, W. H, Linnell, J. Org. Chem., 24, 853 (1959); G. P, War- 

wick, J. Soc. Dyers and Colourists, 75, 291 (1959); RZhKim, 1960, 26490, 

V. O. Lukashevich and L. G. Krolik, DAN, 120, 316 (1958). 


All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 
ations of the abbreviations as given in the original Russian journal. Some or all of this peri- 
odical literature may well be available in English translation. A complete list of the cover-to- 
cover English translations appears at the back of this issue. 


COMPARATIVE DIENOPHILE REACTIVITY IN THE SERIES: 


VINYL SULFIDE — VINYL SULFOXIDE ~— VINYL SULFONE 


E. N. Prilezhaeva, L. V. Tsymbal, and Corresponding 


Member Acad, Sci. 


USSR M. F. Shostakovskii 


N. D. Zelinskii Institute of Organic Chemistry, Academy of Sciences USSR 
Translated from Doklady Akademii Nauk SSSR, Vol. 138, No. 5, 
pp. 1122-1125, May-June, 1961 

Original article submitted February 14, 1961 


Our previous work showed that in the series of sulfur-containing vinyl compounds, the electrophilicity of the 
double bond increases from vinyl sulfide through vinyl sulfoxide to vinyl sulfone. Under ionic conditions, vinyl alkyl 
sulfides add reagents only according to Markovnikov's rule in the presence of acid catalysts [1]. Hence it follows 

that the sulfur atom acts as an electron donor in molecules of them: 


and the double bond therefore has a nucleophilic nature as in oxygen-containing vinyl ethers. Vinyl sulfoxides and 
sulfones add reagents HX under the influence of only alkaline catalysts [2-4] and only with the formation of the com- 
pounds RSOCHgC HX , or RSO,CHgCH,X, with the activity of addition of the nucleophilic reagent (and consequently, 
the electrophilicity of the double bond) increasing from sulfoxide to sulfone [4]. This indicates the considerably high - 
er electron-acceptor tendency of the sulfonyl group in comparison with the sulfinyl group. 


It seemed interesting to determine how the reactivity would change in this series of compounds if they were 
used as dienophiles in reactions with the same diene. As the dienes, we choose cyclopentadiene (CP) and hexachloro- 
cyclopentadiene (HCCP), It was already known that vinyl ethyl sulfide reacts with CP and HCCP on heating [5], while 
vinyl ethyl sulfone undergoes an exothermal reaction with CP and reacts with HCCP on heating [3]. Nothing was 
known on the reactivity of vinyl ethyl sulfoxide in these reactions as was the case for any diene synthesis involving 
a ,B -unsaturated sulfinyl compounds, * 


We carried out reactions between vinyl ethyl sulfide, sulfoxide, and sulfone with CP of HCCP under comparable 
conditions as far as possible. Table 1 gives our results and includes the literature data cited above. An examination 
of Table 1 leads to the conclusion that the reactivities of the dienophiles we studied lie in reverse orders with respect 
CP and HCCP, In actual fact, CP, which has electropositive H atoms along side the diene system, reacts exothermally 
with vinyl ethyl sulfone, while prolonged heating is required for the reaction with vinyl ethyl sulfide, i.e., for CH, = 
CHX the activity increases in the series: X =RS< RSO* RSO,. In the case of reactions with HCCP, which has electro- 
negative chlorine atoms at the double bonds, there is the reverse relation: X =RS > RSO > RSO:, and vinyl ethyl sulfide 
is most reactive, In all cases, the reactivity of vinyl ethyl sulfoxide is intermediate. Thus, the activity of the diene 
synthesis depends not so much on the nature of the polarization of the double bond of the dieneophile, as the ratio of 
the polarizations of the double bonds of the diene and dienophile, which is in accordance with the opinion that this 
reaction proceeds through the formation diene—dienophile complex [7]. Thus, HCCP should be active toward dieno- 
philes with electron-donor substitutents, while CP should be active toward electron-acceptors. It was shown recently 
[8], for example, that vinyl ethers give adducts in high yield with HCCP at room temperature. On the other hand, 
CP reacts exothermally with vinyl ketones [9], acrylonitrile [10], etc. 


In our experiments, vinyl ethyl sulfoxide gave only monoadducts (I and II) with both HCCP and CP: 


* The only paper we found in the literature concerned the reaction of CP with the disulfoxides ArsOCH = 
CHSOAr [6]. 
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The reaction with CP formed a mixture of crystalline and liquid (I) in a ratio of ~3:1, with the high-melting 
product apparently having an endo-configuration and Alder's rule holding in this reaction. 


Table 1, Conditions and Product Yields in Diene Condensation of CH, =CHX (X =C2H;S, 
C,HsSO, C2HsSOx). 


Cyclopentadiene Hexachlorocyclopentadiene 
Reaction 
ondieno- |Reac- |temp.| time, | yield in % 
procedure time ,hr tion | °¢ ondieno-| Source 
phile tak- 
duct | duct en 
C2HsS 
a Room 840 |room | 840 71 Present work 
b 100-110 | 25 - |- 
c Room 96 
C,Hs0 I 14 29.3 d vie 3.5 64.8 (5) 
a Room 840 - a room | 840 - Present work 
b 15-80 29 34-35] — a 90-95} 35 19 
Room 1 
100-110 | jaa-as 
Room 96 
d Room***| 48 90 a  |room | 840 Present work 
d |140- | 16 82 (3) 
150 


* Reaction procedures: a) in a sealed ampoule with monomeric diene without solvent; b) in 
a sealed ampoule with monomeric diene in dioxane (20 ml per 0.1-0.05 mole of reagents); 
c) in an autoclave with dimeric CP; d) in a flask with a reflux condenser, 

** We calculated the yields from the experimental data of the authors. 

*** The reaction was exothermal with the temperature rising to 70-80°. 


The reaction with HCCP formed (II), which had a sharp melting point that did not change on recrystallization, 
indicating the compound's steric homogeneity. When oxodized with acetyl hydroperoxide under mild conditions ex - 
cluding isomerization, the adducts we obtained from HCCP and vinyl ethyl sulfide (III) and sulfoxide (II) both gave 


2-ethylsulfonyl-1,4,5,6,7,7-hexachlorobicyclo-(2,2,1)-heptene-5 (IV), which was formed from HCCP and vinyl ethyl 
sulfone [3]. 


Cl 


Cl (IV) Cl 
(m.p, 2-125") (m.p. 772°) (liquid at room 
temperature ) 


Two of us together with Azovskaya et al, [11] showed recently that the product from the reaction of divinyl 
sulfone with HCCP is an adduct of exo-structure. This apparent deviation from Alder's rule was explained by the 


ready thermal isomerization of the corresponding endo- to the exo-monoadduct, which was demonstrated experimen- 
tally. A similar phenomenon apparently occurs in the present case, The adduct with vinyl ethyl sulfide (III), which 
we synthesized at room temperature, evidently underwent complete isomerization during distillation of the reactive 


mixture, 
EXPERIMENTAL 


Endo- and A mixture of 20.8 g (0.2 mole) of vinyl ethyl sul - 
foxide, 13.2 g (0.2 mole) of freshly prepared CP, and 60 ml of dioxane was sealed in a nitrogen-flushed ampoule in 
the presence of a few milligrams of hydroquinone and heated at 95-99° for 34 hr. Distillation of the unreacted start - 
in materials and the CP dimer formed from the reaction mixture yielded 11.0 g (32.3%) of I with b.p. 74-75° at 
0.05 mm and ny 1.5300, which was strongly hygroscopic and began to crystallize at room temperature. 

Found %: C 63.16, 63.20; H 8.10, 8.26; S 18.84; 18.97. 

CgoHySO * Calculated %: C 63,30; H 8,26; $18.77. 


For the separation of the stereoisomers of (1), to 9.1 g of the adduct was added ether (0.7 ml/g). the mixture 
cooled in iced water with stirring, and the unsolidified parts collected with suction and pressing [4]. The crystalline 
part, endo-(?) I, weighed 6.8 g(~73%) and had b,p, 71-72° at 0.035 mm and solid. p. 33-34°; after being frozen out 
again, it had b.p, 72-73° at 0.025 mm, solid. p. 36,5-37°, and m.p. 36-37°. Found %: C 62.78; H 8.30; S 18.70. 


The solvent was distilled from - aged — and distillation of the residue yielded exo-(?) I with b.p. 
62-63° at 0,025 mm (yield, 2 g, 22%), n H 1. 5300; n2° 1.1132; MRp found 47,48; CgHySO, Calculated 47,24, 


(11), A mixture of 5.2 g (0.05 mole) 
of vinyl ethyl sulfoxide and 27.6 g (0.1 mole) of HCCP was heated in a sealed ampoule (nitrogen and hydroquinone) 
for 35 hr at 90-95°.* The unreacted materials were removed by distillation, the viscous residue diluted with ben- 
zene, and the solution passed through a column of Al,O3. Removal of the benzene in vacuum yielded 3,65 g (19 %) 
of exo-II with m.p, 122-122.5° (from heptane), which was unchanged by recrystallization. 

Found %: Cl 56,95. 

CgHgCLgOS * Calculated %: Cl 56.45. 


2-Ethylthio-1,4,5,6,7,7a -hexachlorobicyclo-(2,2,1)-heptene-5(III), A mixture of 4.4 g (0.05 mole) of vinyl 
ethyl sulfide and 13,7 g (0.05 mole) of HCCP was sealed in an ampoule (nitrogen and hydroquinone) and left for = 
days. Distillation yielded 13.8 g (71%) of the adduct III with b.p. 84-85° at 0,05 mm, 124-125° at 3 mm, and n 
1.5672 (literature data [5]: b.p. 122-123° at 3 mm and ny ° 1.5668). 


Oxidation of II+IV. A 1.0 g sample of exo-II was dissolved with stirring in 36 ml of ether and to the solution 
was added 0.26 g of 79% CH,sCOOOH with cooling with ice and salt. On the following day the ether layer was wash- 
ed with water to remove acetic acid and dried over NagSQ, and the ether evaporated. We obtained 0.9 g (64%) of 
crude exo-IV which, after recrystallization from aqueous ethanol, had m.p, 71-72.2, and did not depress the melting 
point of IV obtained from vinyl ethyl sulfone [3]. 


Oxidation of III[--IV. Oxidation of 2.8 g of III under the same conditions with 1.4 g of 79% CHsCOOOH in 30 
ml of dry ether yielded 3,22 g (97%) of crude exo-IV, which melted at 70-73° after recrystallization and did not de- 
press the melting point of IV from vinyl ethyl sulfone. 
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In our previous work it was shown that biscyclopentadienyltitanium Cy,Ti (Cy =C,Hs) is formed during the ther- 
mal decomposition of biscyclopentadienyldiphenyltitanium in alcohol and benzene solutions. Cy,Ti is an extremely 
reactive compound, which reacts readily with metal halides and alkyl halides to form the stable titanocene dichlo- 
ride [1]. The extreme sensitivity of Cy,Ti to atmospheric oxygen should be mentioned, 


It seemed interesting, therefore to examine the reaction of this cyclopentadienyltitanium with acyl peroxides 
which are readily cleaved at the O—O bond and are donors of acyloxy radicals. 


The only reaction of benzoyl peroxide with a sandwich compound which has been described is that with ferro- 
cene, Under comparatively mild conditions (in benzene at 78°) there was complete decomposition of the sandwich 


structure and the formation of ferric benzoate. The cyclopentadienyl groups were evidently polymerized to a high- 
molecular compound [2]. 


In our case, the titanocene group was not decomposed during the reaction of benzoyl peroxide with Cy,Ti in 
the cold in benzene or isopropanol. The color of the solution changed instantaneously from dark green to bright yel- 


low; CQ, was not liberated during the reaction. The yellow crystalline product, which was obtained in an atmosphere 
of dry nitrogen, was the expected biscyclopentadienyltitanium dibenzoate: 


Cy (CgH;COO), (OCOC.Hs)2. 


For identification of the Cy,Ti (OCOC,gHs), which has not been described previously, it was synthesized from 
titanocene dichloride and silver benzoate: 


Cy2TiCl, + 2CgsH;COOAg -Cy2Ti (OCOCsHs)2 + 2AgCl. 


The biscyclopentadienyltitanium dibenzoate obtained in this way was characterized by elementary analysis and de- 
termination of the molecular weight, melting point, and benzoate group content (Table 1), The Cy,Ti (OCOC,Hs), 


was hydrolyzed very readily with decomposition of the titanocene salt molecule and the formation of cyclopenta - 
diene, a salt of benzoic acid, and titanic acid: 


CyaTi (OCOC,Hs)s 2NaOH H,O 2CyH 2C,H;COONa H,TiOs. 


After alcoholysis in absolute isopropanol, the reaction products were found to contain cyclopentadiene, acetone, and 


benzoic acid. The titanocene dibenzoate molecule lost two molecules of cyclopentadiene in moist air and was prob- 
ably converted to dibenzoxytitanium oxide [8]: 


H,0 
Cy sTi (OCOCsHs)2 2Cy H + O = Ti 
The solid infusible product isolated was characterized by elementary analysis and also the content of benzoate groups. 


An analogous compound of the type Cy,Ti (OCOR) was obtained by the reaction of titanocene dichloride with 
silver acetate: 


CyaTiCls + 2CHsCOOAg —CyaTi (OCOCHs): + 2AgCl. 


The yellow compound formed by this reaction had m.p. 127-130° and corresponded in elementary analysis to biscyclo- 
pentadienyltitanium diacetate, 
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Alcholysis of this compound in absolute isopropanol resulted in elimination of the acetate groups and partial 
formation of cyclopentadiene, A yellow amorphous substance precipitated and this was insoluble in organic solvents 
and its structure was not established. Acetone was found in the isopropanol solution. Hydrolysis with dilute alkali 
proceeded solely with the formation of cyclopentadiene and acetic and titanic acids. 


The formation of biscyclopentadienyltitanium dibenzoate by the reaction of Cy,Ti with benzoyl peroxide shows 
that in contrast to ferrocene, the structure of titanocene remains unchanged under the reaction conditions. It seemed 
interesting therefore to study the action of acyl peroxides on analogous compounds of tetravalent titanium. 


For this purpose we treated diphenylbiscyclopentadienyltitanium with benzoyl peroxide. In this case also there 
was an interesting displacement of phenyl radicals by alkoxy groups of the peroxide under mild conditions (in isopro- 


nol at room temperature): 
Cy (CaHs)a + + CHACH (OH) -» 
~Cy2Ti (OCOCsHs5)2 + 2CsHe + CHsCOCH». 


with the formation of biscyclopentadienyltitanium dibenzoate, The phenyl radicals were converted to benzene with 
dehydrogenation of the alcohol to acetone. 


In a comparison of the infrared spectra of biscyclopentadienyltitanium acetate and benzoate with those of the 
starting Cy,TiCl, and Cy,Ti(CgHs), we detected the following absorption bands (in cm™): CygTi(CgHs)p 448; 459; 606; 
690; 720; 770; 822; 886; 930; 990; 1024; 1076; 1286; Cy,TiCl, 769; 814; 828; 872; 880; 930; 960; 1018; Cy,Ti 
(OCOCHg), 404; 520; 600; 624; 822; 865; 1024; CygTiMOCOCgHs) 720; 830; 865; 1024; 1068; 1132, The absorption 
bands at 822-830 and 1018-1024 cm"), which are characteristic of all the compounds, should be assigned to vibrations 


of the cyclopentadienyl ring. The absorption band at 865 cm “1 which was absent from the spectra of Cy,Ti(CgHs» 
and Cy,TiCl,, may be assigned to vibrations of the Ti-O bond. 


EXPERIMENTAL 


All operations in the isolation of the compounds Cy,Ti (OCOR), where R=CH3 or CgHg, were carried out in an 
atmosphere of dry nitrogen. 


Reaction of Cy,Ti with benzoyl peroxide, A solution of 1.2 g (0.005 mole) of CygTi, was added dropwise to a 
strongly cooled benzene or alcohol solution of CygTi, which was obtained from 1.66 g (0.005 mole) of CygTi(CgHs» 
in 10 ml of solvent. There was a sharp change in color from dark green to bright yellow. From the solution we iso- 


lated 0.8 g (0.002 mole) of Cy,Ti(OCOC,gH,» with m.p. 185°, A mixture with a sample prepared by an unequivocal 
synthesis melted at 186°, 


Hydrolysis of 0.21 g (0.0005 mole) of Cy,Ti(OCOC,gHs» with 0,1 N alkali ylelded 0,12 g (0,001 mole) of ben- 
zoic acid with m.p. 120°, 


Reaction of CygTi(CgHs), with benzoyl peroxide in isopropanol. A mixture of 2,5 g (0.0075 mole) of Cy,Ti 
(CgHs) in 1.82 g (0.0075 mole) of CygTi(OCOCgHs% in 25 ml of isopropanol was shaken at room temperature for 50 
hr. The yellow precipitate of CygTi(OCOCgHs) was collected; the yield was 1.5 g and the m.p, 188°. 


TABLE 1 


Elementary analy - 
weight | mp..cc 
c | Ti [fcryosco- mo mote 
pically) of substance 
Cy2Ti(OCOCgHs» 
Found 67.7 | 5.0 | 11.2 440 188-192 2.0 
with decomp 
Calculated 68.5 | 4.8 | 11.4 420 
Cy2Ti( OCOCH 3) 
Found 57.3 | 5.6 | 16.2 127-130 1.8 
with decomp 
Calculated 56.8 | 5.4 116.2 


* The mean values of similar analysis results are given. 


Hydrolysis of 0.2 g (0.0005 mole) of the substance yielded 0,12 g (0.001 mole) of benzoic acid with m.p. 121°. 


From the solution we isolated benzene as m-dinitrobenzene (0.3 g) with m.p. 90° and acetone as the 2,4-dini- 
trophenylhydrazone (0,2 g) with m.p, 126°, 


Preparation of CyzTi(OCOCgHs. A mixture of 3.0 g (0.012 mole) of Cy,TiCl, and 5.53 g (0.024 mole) of 
CgHsCOOA g in 60 ml of benzene was stirred at room temperature for 10-15 min, The color of the solution changed 
from red to orange-yellow, Dilution of the solution with ligroin precipitated 2.0 g (0.0047 mole) of Cy,Ti(OCOC,Hs) 
with m.p. 188-192° (with decomp.). The substance was readily soluble in benzene, methylene chloride, and chloro- 
form, and sparingly soluble in alcohols and ligroin, Data on the elementary analysis, molecular weight, and hydroly- 
sis for the determination of the content of bnezoate groups are given in Table 1. 


Alcoholysis of CygTi(OCOCgHg. Partial hydrolysis of CygTi(OCOC,Hs» yielded a yellow, infusible substance. 
Found %: C 54,70; H 3.59; Ti 16.36. 
CyHyTiOs * Calculated %: C 54.90; H 3.26; Ti 15.70. 


A solution of 1.0 g of Cy,Ti(OCOCgHs) (0.0024 mole) with m.p. 188° in 53 ml of isopropanol was kept at 0° 
for 3 hr in a stream of dry oxygen. The reaction mixture was distilled. The distillate was analyzed for acetone (by 
the formation of the 2,4-dinitrophenylhydrazone) and cyclopentadiene by the formation of CgHsT, with thallium rea- 
gent, We isolated 0.35 g (0.0013 mole) of CgHgT}. 


Preparation of Cy,Ti(OCOCHg). A mixture of 2.5 g (0.010 mole) of Cy,TiCl, and 5,0 g (0.030 mole) of CHg 
COOAg in 60 ml of benzene was stirred at room temperature for 15-20 min, Dilution with ligroin yielded 0.7 g 
(0.0024 mole) of CygTi(OCOCH 3) with m.p. 127-130° (with decomp.). The substance was readily soluble in benzene, 
methylene chloride, chloroform, and isopropanol and sparingly soluble in ligroin, It decomposed in air with the lib- 
eration of acetic acid, Elementary analysis data are given in Table 1, 


Alcoholysis of CygTi(OCOCHg. A solution of 0.88 g (0.003 mole) of CygTi(OCOCHg) in 20 ml of isopropanol 
was kept at room temperature in a stream of dry nitrogen for several hours. The solution thereupon deposited a yel- 
low infusible precipitate (0.32 g), Found %: C 43.47; H 6.36; Ti 27.87. 


The substance was insoluble in organic solvents and decomposed when treated with alkali. 


The solution was found to contain 0,005 mole of acetic acid, In addition, we isolated 0,12 g of acetone 2,4- 
-dinitrophenylhydrazone with m.p. 126° and 0,2 g of CsHsTy. 


Hydrolysis of 0.46 g (0.0015 mole) of Cy,Ti(OCOCHgs), with 0,1 N KOH yielded 0,0027 mole of acetic acid, 
0.15 g of HyTiO3, and cyclopentadiene. 


The authors are grateful to T. V. Guseva for carrying out the elementary analysis. 
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Polyamides belong to the types of polymers which may be obtained most readily by polycondensation at an in- 
terphase. This method was proposed by Wittbecker and Morgan [1] and, as was pointed out by the authors of [2], has 
a series of advantages over the method of polycondensation in a melt, which was used previously, At the present 
time this method is being studied carefully from the theoretical point of view; the effects of a series of factors on the 
polymer yield, molecular weight, and viscosity is being determined. The most important of these were found to be 
[3-5]: the nature of the organic solvent, the nature of the emulsifiers, the reagent concentration, and whether or not 
stirring was used, The preparation of polyesters, polyamides, polyurethans, polysulfonamides, and other heterochain 
polymers is based on the heterogeneous process of interphase polycondensation, Beaman et al. [6] prepared 13 poly- 
amides of different structures, For this they used aliphatic, aromatic, or alicyclic diamines and diacid chlorides of 
dicarboxylic acids and primary and secondary diamines, 


The present work was devoted to the synthesis of a polyamide from the diacid chloride of pyridine -2,6-dicar- 


boxylic acid and hexamethylenediamine by interphase polycondensation and the study of some of its physico-chemi- 
cal propertics, 


The process carried out in a beaker at room temperature with stirring, The polycondensation of the diacid 
chloride of pyridine -2,6-dicarboxylic acid with hexamethylenediamine may be represented by the following scheme: 


\ 
| + | 
-HN--C— —C—NH—(C 
(1) 
a 


(Col CH;COONa-3H,0 O 
Na,CO, 

NaOH 


As the starting material for the synthesis of the polyamide we used the lutidine-containing 6 -picoline fraction, 
which is a by-product from the chemical production of phthivazide [7]. 


The diacid chloride of pyridine -2,6-dicarboxylic acid, which was obtained by boiling pyridine -2 ,6-dicarbox - 
ylic acid with thionyl chloride [8], was dissolved in benzene and freshly distilled hexamethylenediamine was dissolved 
in an aqueous solution of sodium acetate, sodium carbonate, or sodium hydroxide, In each case, the pH of polyamide 
precipitation was measured with an LP-5 tube potentiometer (the pH values equalled 3,7-8, and 10, respectively). 


When these solutions were simply placed in contact, a polymer film formed at the interphase and this could be 
drawn out as a fiber with a glass rod. When the reaction mixture was stirred, a polymer precipitate formed through 
the whole volume of the solution, Filtration and washing with water yielded the polyamide as a white powder which 
was soluble in pyridine, dimethylformamide, and concentrated sulfuric, hydrochloric, acetic, and formic acids and in 
hot m-cresol. The polyamide could be purified only by reprecipitation from pyridine solution with ether, 


The viscosity of solutions of the polyamide in concentrated sulfuric acid and dimethylformamide was measured 
with an Ubbelohde viscometer at 20° [9-12]. 


The specific viscosities of the different polyamide samples obtained at different pH values (3,7-8, and 10) were 
found to be the same. 


The polyamide was characterized by the specific viscosity, which equalled 0,323 at a polyamide concentration 


in concentrated sulfuric acid of 0.5 g/100 ml of solution, and the reduced logarithmic viscosity which was calculated 
from the formula [5]: 


0 2 60 80 
Fig. 1. Thermomechanical 
curve of polyamide. Fig. 2, X-ray diffraction pat- 
tern of polyamide, 


The specific and logarithmic viscosities of the polyamide in dimethyl - 
Conc, in . 9 foramide were measured at various polymer concentrations. The results 
& — ml of sp log are given in the table. 
soln, 
By means of Haggins equation [1], we determined the mean molecu- 
lar weight of the polyamide and obtained a value of approximately 20,000- 
0,2 0,113 0.533 
-30,000, 
0.3 0.202 0.610 


The thermomechanical curve, which was measured on a Kargin bal- 
ance and characterized three states of the polymer, is illustrated in Fig. 1. A plot of the infrared absorption spectrum 
indicated the presence of N-H,and C=O bonds, The N—-H frequency was 3352-3378 cm! and the C=O frequency, 
1652 cm”, Figure 2 gives an x-ray diffraction pattern of the polyamide, which shows that the compound synthesized 
had a gas-crystalline structure. 


As the polyamide examined contains functional groups which might give chelate complexes with metals, we 
examined the capacity of the polamide to react with metal salts, For this purpose, we carried out the polycondensa- 
tion of the diacid chloride of pyridine-2,6-dicarboxylic acid with hexamethylenediamine in the presence of a ferrous 
salt, This yielded a dark brown viscous product reminiscent of rubber, 
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A series of reactions of fluoroolefins with electrophilic substances (halogens, fluoroalkyl halides, nitrosyl fluo- 
ride, and nitrogen oxides) and also polymerization, etc. proceed by a radical mechanism and require the input of 
energy for homolytic cleavage of the reagents and overcoming the energy barrier in the form of heat or light or the 
addition of catalysts, These characteristics of fluoroolefins are apparently connected with the electronic impoverish- 
ment of their 7-bond, produced by the strong electronegativity of fluorine, so that the carbon atoms connected by 
the double bond are to a certain extent "radicalized". In accordance with this hypothesis, fluoroolefins should react 
comparatively smoothly with reagents that give radicals readily and radical-like molecules. In the light of this, there 


is particular interest in the behavior of perfluoroolefins toward hydrogen sulfide, which undergoes homolytic cleavage 
quite readily under the action of various factors. 


It was not possible to add hydrogen sulfide to tetrafluoroethylene, trifluorochloroethylene, perfluoropropylene, 
or perfluoroisobutylene in the absence of catalysts, even at 180°, In the presence of substances which catalyze the 
addition of thiols to fluoroolefins [1] (sodium hydroxide, alcoholic alkali, sulfur, and pyridine), a complex mixture 
was formed from which it was impossible to isolate individual substances, 


We effected the addition of hydrogen sulfide to tetrafluoroethylene and trifluorochloroethylene in ultraviolet 


light. 


The photochemical decomposition of hydrogen sulfide by ultraviolet light was discovered by Avery and Forbes 
[2], who studied this reaction in dry carbon tetrachloride. 


+ hv + He + -SH, 
H- + CClq > HCI + «CClg. 


This type of replacement of a chlorine atom in carbon tetrachloride is a reaction of atomic hydrogen that has been 
studied thoroughly. The addition of hydrogen sulfide to simple olefins such as butylene, diallyl, and vinyl chloride, 
under ultraviolet irradiation leads to the formation of mercaptans and thioethers [3]. In all cases, the sulfur atom 
adds to the carbon atom bearing the greatest number of hydrogen atoms. 


CH, = CHCI + -SH + HSCHg—CHCI. 


The irradiation of an equimolar mixture of tetrafluoroethylene and hydrogen sulfide in the presence of traces 
of acetone (sensitizer) for 4-6 hr led to the formation of a mixture of addition products in a total yield of more than 
90%, The main reaction products were 2-monohydro-tetrafluoroethyl mercaptan and 2,2'-dihydroperfluorodiethyl 
sulfide in a ratio of 2:1, With a twofold excess of olefin relative to the hydrogen sulfide, the yield of sulfide was 
more than 70% and no mercaptan was formed, In addition, there was the formation of a small amount of a mixture 
of high-boiling telomerization products of tetrafluoroethylene, initiated by radicals from hydrogen sulfide, 


CF) CFy HSH “HCF,CF, — — CF 
H (CF), CF2SH 


— 


In the case of trifluorochloroethylene, a reaction under the same conditions led to 1,1,2-trifluoro-2 -chloroethyl mer- 
captan, sulfide, and disulfide 
(Table 1), 


HCFCICF 


/ VWCFCICF, -- - - CF,CFCIH 
CFC] 
\ HCFCICF, S S CF,CFCIH 


H (CFCICF,),SH. 


The conditions of the addition of hydrogen sulfide to fluoroolefins, the nature of the products obtained (in the 
first instance, telomers), and also the numerous cases of explosions due to the development of a chain reaction indi- 
cate the radical character of the reaction. 


H.S a HSe + eH, 
HSe CF, = CF; HSCF,CF 
HSH HSCF,CF3H -}- «SH, 
CF, = ¢H -+ HCF2CF9e, 

HCF, — +- HSH HCF,CF,SH «H, 


HCF,CF2SH HCF,CF2Se-+ 
CF, = CF, 
HSH — HCF,CF2S — CF,CF, — H «SH, 
HCF,CF.S«-+- HSH — HCF,CF2SSH + +H, 
HCF2CF,SSH-+ CF,= CF, HCF,CF,SSCF,CF,H 


In the case of an unsymmetrical perfluoroolefin, for example, trifluorochloroethylene, there are two possibili- 
ties for the addition of hydrogen sulfide with the formation of a trifluorochloroethyl mercaptan, 


°F (1), HCF2CFCISH (ID). 


The trifluorochloroethyl mercaptan with structure I could yield fluorochlorothioneacetic acid III by reaction 
with water, while hydrolysis of that with structure II would be expected to form difluorothioneacetic acid IV, 


HCFC] —C (III), HCF,C (IV). 
OH OH 


The formation of fluorochlorothioneacetic acid as the only hydrolysis product of the fluorochloroethyl mercap- 
tan confirms the order of addition of hydrogen sulfide to trifluorochloroethylene, the sulfhydryl group adding to the 
"most fluorinated” and least negatively polarized carbon atom, 


Analogously to water, amines, alcohols, and mercaptans reacted with the new 8 -monohydroperfluoro mercap- 
tans to form substituted amides, esters, and thioesters of thioneacetic acids, respectively. In all these reactions, the 
monohydroperfluoro mercaptans reacted as mixed anhydrides of an a -difluoro-alkanol and hydrogen sulfide; they are 
strong acylating agents like 6 -nitroperfluoroalkyl nitrates [4], which were investigated previously, and in all the re- 
actions, the fluorine at the a-carbon atom was replaced with subsequent elimination of hydrogen fluoride: 


H(Y) WA 

CF.H — CFgSH ———> CF,HCF (Y) SH — — C 
=F 


where Y =OH, OR, SR, NR, etc. 


The constants of the substances obtained as a result of the conversions of 8 -monohydroperfluoro mercaptans 
are given in Table 2, 
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Thus, despite the radical nature of the reaction, hydrogen sulfide is added to fluoroolefins in a definite order. 


The a-fluoro thiols obtained are stable compounds, which distill with slight decomposition, while their oxygen 
analogs are unknown, 


TABLE 1 


Formula of Calculated 


substance (mm) 4 


USCF,CF,I ano 4,3230¢ 
S(CFACF 10-102 13280 
HSCE,CECHI 6h "4750 3880 
S(CF,CFCIH), 74,5 (60) "6350 1°3920 
$(CE,CFCIH), 70 (2) 


*d, and np were determined at 0°, 


TABLE 2 


Formula of eas Calculated 


substance (mm) 


70 (5) 
43 (3) 
% 
105 
59 (60) 
71 (60) 
81—R83 (28) 
ICSOC 86 (5) 
He F, 2CSN(CH,), 70 (1) 
HCFC ICSN(C gH 93 (7) 
HCF,CSOC oc i, (A) 
HCFCICSOC O¢ i, 60 (2) 
HCF,.CSSC,H, 80) (60) 
HCFCICSSC,H, (AN) 


Up to now, only two perfluoro thiols, namely, trifluoromethyl and perfluoropropyl mercaptans, have been de- 
scribed and these were prepared by Haszeldine and Kidd in 1953 by irradiation of hexafluorodimethyl and bisperfluo- 
ropropyl sulfides with mercury for ten days with ultraviolet light and subsequent treatment of the mercaptide formed 
with hydrogen chloride at 90° in a sealed tube [5]. 


Hg, hy 


HCl 
CF;SH. 


The infrared spectrum of trifluoromethyl mercaptan, which was investigated by Dininny [6], showed the corres- 
ponding vibrations of the sulfhydryl group in the region of 2618 cm”, The infrared spectra of the 6 -monohydroper- 
fluoro- and 8 -monohydrotrifluorochloroethyl mercaptans we obtained contained sharply expressed peaks at 2608 and 
2612 cm”, characteristic of the sulfhydryl group. 


TYPICAL EXPERIMENT * 

1, Addition of hydrogen sulfide to trifluorochloroethylene. A mixture of 20 g of trifluorochloroethylene, 6 g 
of dry hydrogen sulfide, and 5 drops of acetone was irradiated in a sealed quartz ampoule at room temperature for 6 
hr with PRK-2 mercury-quartz lamp with a power of 375 watts at a mean wavelength of 3650 A. The cooled ampoule 
was opened, The addition products (26 g, 100%) were fractionated to yield: 

a) 2-chloro-1,1,2-trifluoroethyl mercaptan as a liquid with b.p, 64° (11 g, 42.5% of total), 

b) 2,2'-dihydro-2,2'-dichloroperfluorodiethyl sulfide as a liquid with b.p. 71.5° (60 mm) (2.6 g, 10% of total). 

c) 2,2'-dihydro-2 ,2'-dichloroperfluorodiethyl disulfide as a viscous liquid with b.p. 70° (2 mm)(8 g, 31 %of total), 


* With the help of I, Ya, Lyubchenko and K. V. Frosina, 


| 
| F | cl | cl | 
57,70 -- 24,50 57,10 — 23,90 
64,83 13,74 | 64,95 = 13,68 
38,43 23,96 21,09 37,87 23,59 21,26 
42,83 26,30 13,71 42,59 26,53 11,95 
ax.50 23,90 | 20,67] 38,29 | 23,801 21,40 
D 
| Cl | | cl | 
1,688 1, 4880 35,20 _ 28,50 | 33,93 _ 27,35 
1,470 1, 4320 15,02 - 25,00} 14,90 24,90 
1,334 1,4012 30,84 24,410 | 30,20 25,40 
1,180 1, 3888 27,76 23,46 | 27,20 22,80 
1,327 14726 93,42 | 23,86] 22,76] 13,42] 24,91 | 22,46 
1,246 14636 14,10 | 22,72] 19,04 | 13,20] 22,69} 20,40 
1,162 1,4572 9,85 20,38 10,28 19,30 
1,064 14564 8,46 | 16,98 — 8,92 | 16,65 = 
1,143 1.4970 23,07 18,70 | 22,75 19,60 
1,199 1.5220 12,00 | 17,20] 16,97] 10,35 | 19,34] 17,44 
1,358 1, 3860 24,60 20,30 | 24,60 20,6 
1,454 13935 11,80 20,40 17,80 11,15 20,80 18,75 
1,261 1.4990 24,60 - 40,40] 24,40 41,00 
1,430 1,4885 10,29 21,70 _ 11,05 20,58 — 
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2. A 7g sample of 2-chloro-1,1,2-trifluoroethyl mercaptan was treated with 1.8 g (twofold excess) of water 
with vigorous stirring and cooling. The reaction mixture was kept at 70° for 30 min and the oiiy liquid separated 
from the aqueous layer, dried with baked magnesium sulfate, and fractionated, We isolated 1.6 g of fluorochlorothi- 
oneacetic acid with b.p. 43° (3 mm) in 18% of theoretical yield. 


3. A, 13.5 g sample of 2-chloro-1,1,2-trifluoroethyl mercaptan was treated with an equimolar amount of etha- 
nol with vigorous stirring and cooling; the reaction mixture was kept at 100° for 1 hr, cooled, washed with sodium bi- 
carbonate solution and water, separated from the aqueous layer, dried with baked magnesium sulfate, and fractionated, 
We obtained a 66% yield of ethyl fluorochlorothioneacetate as liquid with b.p, 71° (60 mm). 


4. A solution of 4.4 g of 2-chloro-1,1,2-trifluoroethyl mercaptan in dry ether was treated with 8.4 g of diethyl - 
amine in ether with vigorous stirring and cooling. The temperature of the reaction mixture was allowed to rise to 
room temperature, the diethylamine hydrofluoride removed, the ether solution evaporated, and the residue fraction- 
ated, We isolated 2.7 g of the diethylamide of fluorochlorothioneacetic acid (51% yield) with b.p. 93° (7 mm). 
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2,3- and 2,5-dihydrofurans undergo conversions in very different directions at high temperatures. For example, 
2-methyl-4 ,5-dihydrofuran is isomerized to methyl cyclopropyl ketone at 470-480° [1], while 2-methyl-2,5-dihydr- 
furan if dehydrogenated to 2-methylfuran under analogous conditions [2]. These two reactions are evidently of a 

general nature, For the second, it was shown that various 2-alkyl-2,5-dihy- 
drofurans may undergo dehydrogenation to the corresponding furan homologs 


470-480° 
wt CH, [2]. 
3 


0 Wilson [3], who studied the isomerization of 2,3-dihydrofuran to cyclo- 


_ propanaldehyde at high temperatures, investigated the effect of various cata- 
lysts on this reaction, but did not detect any appreciable catalytic effect, The 
) fo) discovery of the possibility of dehydrogenating 2,5-dihydrofurans at high tem- 
peratures extended the range of the problem of searching for catalysts as there 
is the possibility that suitable catalysts might catalyze the dehydrogenation 
of dihydrofurans. In particular, for 2,5-dihydrofurans the problem of catalysis was reduced to effecting the dehydro- 
genation, which occurs at high temperatures, in the presence of catalysts. Only on type of conversion is known for 
2,3-dihydrofurans, namely, isomerization to cyclopropane carbonyl compounds, Therefore, in this case the general 
problem arose as to whether it would be possible to dehydrogenate dihydrofurans of this series to the corresponding 
furans under certain conditions under the action of catalysts. The present investigation gave the answers to these 
problems, We used platinum and palladium—metals whose catalytic properties in the hydrogenation and isomeriza - 
tion of furans and tetrahydrofurans we had investigated previously. 


It might have been expected that in contrast to dehydrogenation of dihydrofurans at high temperatures, on cata- 
lysts there would occur other processes connected with the capacity of these catalysts to add hydrogen to furan and 
dihydrofuran rings, hydrogenolysis of the furan nucleus, and isomerization of tetrahydrofurans to aliphatic carbonyl 
compounds, By allowing for all these circumstances, without particular difficulty we could obtain a clear picture of 


the successive reactions occurring on platinum and palladium when 2,3- and 2,5-dihydrofuran vapor was passed over 
them. 


The main result of our investigations was as follows: both 2,5- and 2,3-dihydrofurans underwent only dehydro- 
genation to the corresponding furan homologs over platinum and palladium catalysts in the temperature range of 


200-300°, The composition of the reaction products varied in relation to the temperature, as the latter promotes ei- 
ther hydrogenation or hydrogenolysis of the furan ring. 


The conversions of 2-methyl-4,5-dihydrofuran and 2-ethyl-2,5-dihydrofuran over a platinum catalyst at 300° 
were investigated. As a result of this reaction, we obtained approximately equal amounts of sylvan and pentanone - 
-2 from the former and a -ethylfuran and hexanone-3 from the latter, This result may be explained in the following 
way: there was first dehydrogenation of the dihydrofurans to the corresponding furans and the hydrogen thus liberated 
could hydrogenate dihydrofurans to tetrahydrofurans or produce hydrogenolysis of the furan ring. If the catalyst and 


temperature promoted isomerization of tetrahydrofurans to aliphatic ketones, then the final products in this case were 
only furan compounds and an aliphatic ketone: 


| 
| 


+ H, 
--CH, 


Hy, Pt-c Pt-c 
Pt-C 
c-c-c-c-c 0 
CH, 


O 


Exactly the same conversions occurred on a palladium catalyst at 300°, Here, however, it was necessary to 
demonstrate the possibility of isomerization of tetrahydrofurans to aliphatic carbonyl compounds, Special experi- 
ments in which tetrahydrosylvan was passed over a palladium catalyst at 300° convinced us that tetrahydrosylvan was 
actually isomerized to methyl propyl ketone, though to a much smaller extent than on platinum. The weak isomeriz- 
ing properties of palladium and also its high capacity to hydrogenate a double bond in the furan ring resulted in the 
conversion of dihydrofurans into a mixture of equimolar amounts of the corresponding furan and tetrahydrofurans over 
a palladium catalyst at 200°. In this case there is a clear analogy between the conversion of dihydrofurans to furans; 


Pd-C, 200° 
2 — + 
fe) 


and tetrahydrofurans and the “irreversible” catalytic reaction of cyclohexenes and cyclohexadienes, In conclusion, 
we should point out one interesting fact on the properties of adsorbed hydrogen on the surface of platinum and pal- 
ladium catalysts, The platinum catalyst (10% Pt) was prepared by impregnation of activated charcoal with a solution 
of chloroplatinic acid, which was reduced with formalin in the presence of sodium hydroxide. This catalyst contained 
a considerable amount of hydrogen, which could either hydrogenate dihydrofurans to tetrahydrofurans or produce hy- 
drogenolysis of the furan ring. As a result of this, the first portions of dihydrofuran gave catalyzates which contained 
more than equimolar amounts of the aliphatic ketone, On the other hand, hydrogen adsorbed by the palladium cata- 
lyst during the reduction of palladium chloride on charcoal (10% Pd) with hydrogen, did not show an appreciable ten- 
dency to hydrogenate dihydrofurans or produce hydrogenolysis of the furan ring. Therefore, from the first portions on, 
the catalyzates from dihydrofurans obtained over palladized charcoal contained equimolar mixtures of furans and 
tetrahydrofurans or (at a higher temperature) furans and aliphatic ketones, It seems to us that further investigations 

in this direction might give additional information on the properties of adsorbed hydrogen. 


TABLE 1. Products of Conversions of 2-Methyl-4,5-dihydrofuran and 2-Ethyl-2,5-dihy- 
drofuran over Pt—C and Pd—C Catalysts. 


Reaction products and their properties 
Starting Cata- |Temp| composition of |yield, 20 
material lyst catalyzate %o C dj "D 
2-Methyl-4,5-di-| Pt-C | 300 | Sylvan 50 62- 64 |0,9118) 1.4321 
hydrofuran Pentanone-2 50 100-101,50.8080| 1.3910 
2-Methyl-4,5-di-| Pt—C | 200 | Sylvan 50 
hydrofuran Tetrahydrosylvan | 30 
Pentanone -2 20 
2-Ethyl-2 ,5-di- Pt—C | 300 | w-Ethylfuran 40 91- 91,5)0.9018] 1.4404 
hydrofuran Hexanone -3 40 123-124 |0.9169) 1.4006 
2-Methyl-4,5-di-| Pd—C | 200 | Sylvan 50 
hydrofuran Tetrahydrosylvan | 50 79- 80 10.7582] 1.4060 
2-Methyl-4,5-di-| Pd-C | 300 | Sylvan 50 
hydrofuran Pentanone -2 50 
2-Ethyl-2,5-di- | Pd-C | 300 | a -Ethylfuran 40 
hydrofuran Hexanone -3 30 


EXPERIMENTAL 


2-Methyl-4,5-dihydrofuran was obtained by dehydration of acetopropyl alcohol in the presence of phosphoric 
acid. 2-Ethyl-2,5-dihydrofuran was synthesized according to the following scheme: 


Ch 1 CoHsMgBr Cl 
[ J 1 [ 
Le) Le) 


2-Ethyl-3-chlorotetrahydrofuran was added slowly to potassium hydroxide at 180-200° with slow distillation of the 2- 
-ethyl-2,5-dihydrofuran formed. 


After distillation of an efficient column, the dihydrofurans had the following properties: 
1) 2-methyl-4,5-dihydrofuran: b.p. 79-80° at 752 mm; 0.9040; 1.4298; 
2) 2-ethyl-2,5-dihydrofuran: b.p, 104-104,5° at 755 mm; 3° 0.8877; nf§ 1.4314, 


The starting dihydrofurans were passed over the catalyst at a space velocity of 0.1 hr!, The liquid catalyzates, 


which were obtained in practically theoretical yield, were distilled on a column. The experimental results are given 
in Table 1. 


SUMMARY 


1. It was established that both 2,5- and 2,3-dihydrofurans are dehydrogenated to the corresponding furans over 
Pt and Pd on activated charcoal at 200-300°. The hydrogen thus liberated reacts with furans and dihydrofurans to form 
the corresponding tetrahydrofurans and aliphatic ketones. 


2. The conversion of 2-methyl-4,5-dihydrofuran to equimolar amounts of sylvan and tetrahydrosylvan over 


Pd—charcoal at 200° shows that this reaction is analogous to the irreversible catalytic reaction of cyclohexenes and 
cyclohexadienes,. 
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The complex uranium—oxygen system has been the subject of numerous investigations [1, 2], which have 
produced contradictory results owing to the formation of solid solutions of variable composition among the various 
modifications of the several oxides and also owing to the slow establishment of equilibrium between the components 
af the solid phase and the oxygen, The existence of the stoichiometric oxides UO, UO, UsOg, and UO, can apparently 
be considered established. In addition to these oxides, a peroxide of the composition UO,*2H,O has long been known, 
and a second peroxide, U,O7, has recently been discovered [3], The existence of the latter peroxide has been con- 
firmed by thermal decomposition of the first peroxide [4] and also in the present work. Various contradictory 
structures have been proposed for UO,*2H,O, The majority of authors consider it to be a true hydrated peroxide [5] 

or a peroxyuranic acid [6], but Hiittig and Schroeder [7] consider it to be a product of the coordination addition of 
variable amounts of H,O, and H,O to an nonperoxidic UO3, The experimental data on which these authors based such 
a structure have been shown to be erroneous [1], but Duval [8], who studied the thermal decomposition of this sub- 
stance, again proposed the structure UO, *H,O,°*H,O. 


The U—O system has been studied in great detail in the higher temperature regions with ratios of O to U in the 
solid phases of 1 to 3, The available data for the temperature region below approximately 400°, where O : U varies 
from 2.67 to 4, are very considerably fewer. We have studied this region using the isotope 0 as a label; the isotope 
was introduced into different positions in the original UOg+ 2H,O, which was then subjected to slow thermal decompo- 


sition under vacuum and at various temperatures up to 700°, The composition of the intermediate and final products 
was studied, 


vol’ . 2H,0 containing o8 only as peroxide oxygen was prepared by precipitation from a solution of UO,(NO3) 
in ordinary water by means of heavy Hy! at room temperature [7] or by heating to 90° [9]. The UO, * xH,0 was 
prepared by an exchange between freshly precipitated UOg» xH,O and H,0"8 . All samples corresponded to the com- 
position UO, *2H,O after being dried over CaCl, and heated under vacuum at 100° to constant weight. The absence 


of oxygen exchange between the UO, and the hydrating water, both during preparation of the compound and during 
drying, was confirmed. 


In agreement with references [3, 4], preliminary experiments established that when UO, + 2H,O is gradually 
heated to 195°, an orange compound, U,Oy, is formed which reacts violently with water or sulfuric acid solution with 
the liberation of oxygen and the formation of UOg or the uranyl salt, respectively, Upon heating from 200 to 400°, 
U,0, decomposes slowly with the liberation of oxygen and the formation of red UOg. The content of U,0, in the 
solid phase was determined from the volume of oxygen liberated when the compound was treated with water, When 
the UO4* 2H,O was decomposed at up to 195°, the U,O, content of the solid phase increased with a decrease in the 
oxygen pressure in the reaction vessel and reached 50% at 195° and a pressure of 15 mm or less, This pressure 
dependence is evidently due to the fact that in addition to an increase in the pressure of the oxygen there is also 
an increase in the water vapor pressure, which partially decomposes the U,07. 


For the isotope analysis, oxygen was liberated from H,O2 with permanganate, the peroxide oxygen was liber- 
ated from U,O, by the action of water, and the oxygen in the UgOg was converted to CO, by heating with HgCl, and 
Hg(CN) [10], The oxygen in the water was analyzed by the method previously described [11]. 


TABLE 1. Thermal Decomposition of uo/* * 2H,O Prepared from H,0,* 
Containing 1.00% O'* Above the Natural Amount 


ran | Content of O!8 above natural 
Heating time U,0, 
at the given Temp., ° ‘ 
temperature, | 


insolid 
phase % 


24 
9 
16 
10 
17 
10,5 
1,5 


Table 1 presents the results of several characteristic experiments on the stepwise thermal decomposition of 
uo," -2H,0O. The oxygen liberated during heating up to 195° had the same isotope composition as the original H,0*, 
The peroxide oxygen from the U,07, which was liberated by treatment of the solid phase with acidified water, had 
the same isotope composition, the content of O” in this oxygen was very much higher than the average content in 
the solid phase, Thus, the oxygen atoms are not equivalent in either UO, or U,O7. The peroxide oxygen in these 
compounds retains its structurally isolated position and is the first to be split out during thermal decomposition, 


When the uranium peroxide was heated to 195°, 1.9 moles of water was liberated per mole of UO, (Table 2). 
This water contained only from 13 to 24% of the O” in the original H,O,. If the heavy uranium peroxide had the 
structure of the perhydrate UO, -H,0,!° - HO, the water from its thermal decomposition should contain about 50% of 
the peroxide o* provided there was no exchange with the solid phase or, in any case, the content should not be less 
than in the solid phase even if exchange occurred, Moreover, O'* content of the oxygen from thermal decomposition 
was always greater than in the water, In conformity with this, thermal decomposition of light uranium peroxide pre - 


pared in H,0”* always gave water with a greater o** content than that of the solid phase (Experiments 4 and 5, Table 
2). 


The fraction of the peroxide oxygen transferred to the water liberated at temperatures up to 195° was greater, 
the less the residual U,O7 remaining from decomposition to lower oxides, This is apparent from the data of Table 2, 
both for experiments with heavy peroxide oxygen and for experiments in which the labeling was the reverse, On the 
basis of these data, it may be proposed that the introduction of small amounts of peroxide oxygen into the water was 
caused by isotope exchange with the products of the decomposition of U,07, specifically, with UO;, There have been 
earlier indications of such an exchange [12], and we have confirmed them by direct experiments, A mixture of 0,012 
mole of UO,!* with 0.48% 08 and 0,005 mole of UO, * 2H,O having the normal isotope content gave water with 
0.21% O'* when heated to 195°, and further heating above 400° (decomposition of the exchanged UO3) gave oxygen 
with 0.30% O**, In another experiment with a mixture of a different composition, the water and oxygen contained, 
respectively, 0.39 and 0.45% O'* Table 2 presents the content of O8 in the water calculated on the assumption of 
complete exchange of oxygen between the water and the UOg contained in solid phase, The satisfactory agreement 
between these values and those observed serves as further confirmation of the rapid exchange of oxygen between UO, 


* All values refer to O'* content in excess ot the natural amount, 


I 195 24,5 1,00 1,01 
220 0,97 
250 0,93 
270 20,4 0,83 0,85 

300 20,2 0,37 0,39 
340 0,29 
370 6,0 0,28 0,28 
8 450 0 0,27 

2 700—800 0,27 
2 24 195 34,8 1,00 1,00 
5 220 0,98 

13 270 

16 320 19,4 0,29 0,28 
46 340 0,29 

2 500 0,29 0,29 
3 24 195 50,5 1,00 1,00 
20 250 0,98 
15 320 27,3 0,29 0,30 
10 400 0,31 

2 500 0,30 0,30 
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and water, which leads to the transfer to the latter of peroxide oxygen, a part of which had entered the UO, during 
thermal decomposition of the uranium peroxide: light water vapor from v0, 42H,0 decomposes the U,0,'® formed 
by thermal decomposition and rapidly exchanges oxygen with the resulting uo,. 


TABLE 2. Dependence of the Isotope Composition of the Water Liberated on Heating UO, * 2H,O 
to 195° on the U,gO7 Content of the Solid Phase 


Expt. No. U,O : U U,0, in Content of O'8 above natural, atom % 
solid phase, % in H,O 
found calc.* 


A, 2H,0 from H,0,'* with 1.00% 


in UO, 


1 1,92 24,5 0,22 0.18 0,27 
1.85 34.8 0,18 0.17 0.29 
3 1.91 50.5 0.13 0.14 0.30 


UO,4* 2H,0"* from H,0"* with 0.71% 


4 1,90 26.0 0,32 0,34 0,18 
5 1.95 49.7 0.40 0.41 0,15 


In calculating these values, it was assumed that when heated to 195° UO,* 2H,O decomposes accord- 
ing to the equation * 2H_O) = xU,Oq + (2— 2x)UO, + (1 /2)0, + 4H,O, and the resulting water 
exchanges only with UOs. The values from the second column of Table 2 were substituted for x, The 
experimental values for the 0 content of UOs are averages of the content in (2—2x)UO 3, which 


exchanged with the water, and xUOg, which was obtained from thermal decomposition of xU,Oq after 
removal of all water, 


The data presented above conclusively confirm that uranium tetraoxide is a true peroxide with the structure 
UO4* 2H,O. In conformity with this structure, it does not exchange oxygen with a solution of H,O,. Such an exchange 
would be expected to occur were the H,0,/® bound in a perhydrate structure UOs° H,O,"* + H,O. We found nosuch exchange 
even when heavy-oxygen uranium peroxide had stood for 500 hours in a solution of light HzO,. 


It becomes apparent upon examination of Table 1 that decomposition of U,O7 takes place between 195° and 
approximately 400°, Decomposition is slight up to 270°, and the change in the O'* content of the liberated oxygen, 
like that of the oxygen from hydrolytic decomposition of the U,O7, was also small, The isotope composition of the 
oxygen changed sharply at about 300°, although, as may be seen from Experiment 1, the U,O7 content remained almost 
the same, It is evident that at this temperature there is a phase transformation in the solid equation, after which the 
oxygen atoms acquire the ability to migrate readily into the lattice, so that the isotope label is found among all 
oxygen atoms in the U,O7 and UO 3. As a result, the o** content of the peroxide oxygen from U,07 above 300° is the 
same as the average content in the final decomposition product, UsOg, which is obtained by heating above 700°, At 
all temperatures, the isotope composition of the peroxide oxygen from hydrolysis of UzOqz agreed with the isotope 
composition of the oxygen from U,07 decomposition, and the peroxide oxygen in the U,O, retained its structurally 
isolated position in spite of exchange with the remaining oxygen atoms, Ease of migration of oxygen atoms has 


previously been observed by other methods at higher temperatures in a solid phase having a composition between U,Og 
and UO, [2]. 


U,07 decomposition is complete at 400-420°, and liberation of oxygen ceases, even upon prolonged heating, At 
the same time, the color of the solid phase has changed from orange to red, the solid phase does not yield oxygen 
during interaction with water, and its composition approaches UO, The liberation of oxygen begins again at 450- 
500°, and it continues during heating to 700-800°, The color of the solid phase becomes dark green in this temper- 
ature interval, and the composition approached UsOg. The isotope composition of the liberated oxygen does not 
change between 350 and 700°, and it remains the same in the final UsOg. This confirms the equivalence of the 
oxygen atoms in UO, and U3Og, which is also in agreement with x-ray data [1]. 


Thus, in contrast to UOg and U3Og, which have oxide structures, UO4* 2H,O and U,O; are true peroxide com- 
pounds with structurally isolated peroxide oxygen atoms, 
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THE INTERACTION OF POLYETHYLENE WITH SULFUR 


B. A. Dogadkin and A. A. Dontsov 


The investigation of the interaction of sulfur with saturated polymers is of interest from the point of view of 
determining whether it is possible to use this classical vulcanizing agent to increase the thermal stability and to 

improve the mechanical properties of polymers. With the exception of a number of patents [1] describing thermal 
vulcanization methods involving the joint action of peroxides and sulfur, there is no literature information on this 
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Fig. 1. Kinetics of: the evolution of hydrogen 
sulfide (1) the formation of gel (2), the addition 
of sulfur (3), the change in maximum swell (4), 
and the accumulation of double bonds for poly- 
ethylene plus 7.7% S at 230°, 


React, time, hr 


The rate of gel formation increases with an increase in reaction temperature and in initial sulfur content of 
the mixture, but the limiting content of the insoluble fraction changes insignificantly with changes in these para- 
meters, Regardless of the reaction temperature and initial sulfur content, the limiting gel content is reached at a 
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We have investigated the interaction of sulfur with 
high-pressure polyethylene (PE), As is apparent from Fig. 1, 
when PE is heated with sulfur in the temperature range 200- 
250°, sulfur adds to the hydrocarbon, hydrogen sulfide is 
evolved, there is an increase in the number of double bonds, 
and chemical cross-links between PE molecular chains appears 
and gradually increases, As a result of the cross-linking, 
there is a specific stage at which an insoluble fraction (gel) 
is formed, There is no doubt that as a result of these 
reactions, other structural changes in the PE take place, for 
example, the formation of cyclic structures, 


The kinetic curves for the addition of sulfur to PE are 
linear over the larger part of the curve (Fig. 2), The 
absolute reaction rate for the linear portion increases linearly 
with an increase in the initial content of sulfur in the mix- 
ture; the relative rate, expressed as Scom/Stot» exhibits an 
inverse dependence, and in mixtures with a sulfur content of 
more than 6% of the polymer, the relative rate at a temper- 
ature of 230° is constant regardless of the initial sulfur con- 
tent. The limiting amount of sulfur added does not depend 
on temperature and is 31-37% of the initial content. The 


time at which maximum sulfur addition occurs coincides with the time at which the free sulfur is consumed, Further 
heating of the mixture in the absence of free sulfur causes some decrease in the amount of bound sulfur, The rate 
constant for the addition of sulfur is satisfactorily given by K = 1.58° 105 eMA/RT 


The kinetics of the evolution of hydrogen sulfide are complex, Breaks may be noted in the kinetic curves (Fig. 
3), and these breaks begin at the same amount of combined sulfur for a given reaction temperature regardless of the 
sulfur content of the original mixture, This break sets in earlier,and at a lower amount of added sulfur,the higher 
the reaction temperature, Prior to the break on the kinetic curves, the amount of HgS evolved is approximately equal 
to the combined sulfur, As the reaction proceeds, the ratio H,S/s increases, reaching a value of close to two toward 
the end of the process regardless of the temperature and the initial sulfur content, These observations suggest that the 
H,S is formed both as a result of primary reactions occurring during the interaction of sulfur with PE and as a result 
of secondary reactions in which the previously added sulfur participates, 
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Reaction time, hours —+ 
Fig. 2, Kinetics of the addition of sulfur as a function 
of reaction temperature and of the total sulfur content 
of the mixture, a) Mixture of PE + 7.74%S: 1) 240°, 
2) 230°, 3) 320°; b) temperature, 230°: 4) 10.0%, 5) 
6.58%, 6) 3.98%, 7) 2.35% sulfur based on polymer. 
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Fig. 3. Kinetics of the evolution of hydrogen sulfide 
during the interaction of sulfur with polyethylene as 


a function of reaction temperature and of initial sul- 
fur content, Notation is the same as in Fig, 2, 


comparatively small amount of combined sulfur (0,6-0.7%) 
and does not change with further addition of sulfur, At the 
same time, there is a further increase in the number of 
cross-links in the gel, as determined by maximum swell in 
toluene, There is a linear relationship between maximum 
swell and the amount of combined sulfur (see Fig. 4), This 
provides a basis for the assumption that cross-linking of the 
molecular chains takes place chiefly through sulfur-con- 
taining groups, The concentration of cross-links at the 
conclusion of the process is 5.9-9.4°10 1 cm? per cc, 
which implies a content of 50-80 sulfur atoms per cross- 
link, In order to explain this, it is necessary to assume 

the possibility of the destruction and the formation of 
sulfur-containing intramolecular rings and also of other 
methods of sulfur addition which co not lead to cross- 
linking reactions, 


The experimental data discussed above suggest that 
the interaction of sulfur with PE is a radical process similar 
to the reaction of sulfur with low-molecular-weight com- 
pounds [2]. In agreement with the investigations of Gee 
et al-[3] and of Gardner et al-[4], it may be assumed that 
under the temperature conditions of the reaction, thermal 
dissociation of the eight-member sulfur ring proceeds in 
accordance with the scheme: 

(1) 

The dissociation of sulfur into radicals is the initial 
and, at the same time, the controlling step in the process 
of the interaction of sulfur with PE, Sulfur biradicals split 
out hydrogen atoms from the methylene and methylene 


Fig. 4, Dependence of the amount of gel (1) 
and of the maximum swell (2) on the amount 
of combined sulfur, 


groups, and this results in the formation of polymer radicals and of permarcapto radicals: 


RCH,CHgR, -}- -» -|- HS,. (2) 


Recombination of the polymer radicals, RCH,CHR,, in the first step of the process is difficult, Sulfur addition with 
subsequent abstraction of a hydrogen atom from a polymer molecule is the more probable course of the reaction: 


RCHCHR; {- 5, RCH,CHR), 
| 


(3) 
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RCHSCHR, | RCHSCHR, RCH,CHR}. (4) 


| 
S,H 


It is necessary to assume, for all steps, the occurrence of decomposition of polysulfide groups with the formation of 
radicals with a fewer number of sulfur atoms: 
| 5, | (5) 


The formation of hydrogen sulfide evidently occurs as a result of the interaction of mercapto radicals among them- 
selves: 


28H HAS. (7) 


The accelerated evolution of hydrogen sulfide observed in the final step of the process is a consequence of the reaction 
of mercapto groups contained in the molecular chains of the PE: 


2RCHsCHR, — RCH,CH --S, + HAS. 
SH R, (8) 


In addition to intermolecular reaction (8), intramolecular reactions also take place: 


RCH.CHR,; — RCH2C — R, 4- 


du S (9) 
RCH,CH — R, -» RCH = CHR, 
SH (10) 


These reactions proceed without the participation of free sulfur and are characteristic of the terminal step of the 
process, 


The linear relationship between the number of cross-links and the sulfur content shows that the cross-linking 
reactions are accomplished chiefly by means of the sulfur: 


RSH }- RSH — RSR, -+- (11) 
RS, + RiS, + (12) 
RS, 4+ Ri RS,Ri. (13) 


If a primary polymer radical is formed at a site at which the PE molecule is branched, subsequent action of ‘. or of HS 
(to a lesser extent) on it can cause destruction of the chain: 


Re Re 
| oe —HS, | Rin 
Ry — C—CH.CH2R; Sy Ri —C— —CHR3— C=S CH, = CH R3. 
| (14) 
S S 


The formation of double bonds proceeds chiefly as a result of chain destruction (Scheme 14) and also directly 
through dehydrogenation by means of the sulfur: 


RCH,CH,R, RCHCHR, -+ HS RCH = CHR, + 
(15) 


x 


In conformity with the schemes assumed for the formation of hydrogen sulfide (Eq. 7, 8, 9, 10, 11, and 15), the 
amount of H2S should be equivalent to the sum of the cross-links, double bonds, and thiono groups formed, A rough 
calculation shows that his sum is substantially less than equivalent to the hydrogen sulfide formed, For this reason, 


it becomes necessary to assume that in addition to the processes indicated above, the formation of intramolecular rings 
can also occur: 


— Cll, CH, -— CHy 


R Hg du — HAS: 
| 

S 
| 
R--CH CH:—R:+5,-Ri—CH CH—R,+H8,. 
| 


(17) 


As Gee has shown [3], radical polymerization of sulfur takes place at temperatures above 159°; therefore, it 
must be assumed that the sulfurized PE contains a certain amount of polymeric sulfur, 
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In recent years, there have been a number of papers published on the preparation of coordination polymers, 
However, in the majority of cases these polymers have had low molecular weights — of the order of 2000-4000 [1-3]. 


By investigating the regularities of polycoordination reactions, we have been able to find synthesis conditions 
under which it is possible to prepare coordination polymers with molecular weights greater than 100,000, For the 
successful completion of this work, it was necessary that the polymer obtained be a soluble material, Korshak and 
Krongauz [2] have previously shown that certain coordination polymers of 4,4" -bis{ acetoacetyl)-phenyl ether are 
soluble in organic solvents, We therefore decided to use this tetraketone as the starting material, 


The literature contains no data relating to the factors governing the formation of coordination polymers, How- 
ever, it is not difficult to note that the polycoordination process is reminiscent in many ways of the polycondensation 
process. In both cases, synthesis of the polymers is accomplished through the interaction of two types of reactive groups 
and is accompanied by the elimination of a low-molecular-weight reaction product along with growth of the chain, 


In the case of polycondensation, this low-molecular-weight product is water, alcohol, etc., while in the case of 
polycondensation, it is acetylacetone, acetic acid, etc. 


It is well known that polycondensation is an equilibrium reaction, Thus, in a study of the regularities involved 
in the formation of polyesters [4], we have previously shown that the molecular weight of the polyester can be 
increased through the use of conditions which bring about a shift in the equilibrium toward the polyester side of the 
reaction by removing the low-molecular-weight reaction product from the reaction sphere, This can usually be 


accomplished by carrying out the reaction for a lengthy period of time at an elevated temperature, applying heat 
and vacuum to the reaction mixture at some specific stage. 


It appeared of interest to determine whether polycoordination, like polycondensation, is a reversible reaction, 


Should polycoordination be a reversible reaction, the coordination polymer could be destroyed by the low-molecular- 
weight reaction product. 


Our experiments showed that the coordination polymer of 4,4" -bis( acetoacetyl)pheny] ether and beryllium is 
completely decomposed when heated in a stream of nitrogen at 100° for 5 hours in the presence of acetylacetone (in 


an amount of 10 moles per mole of repeating unit of the polymer), This reaction gave an 87% yield of the original 
ligand — -bis{ acetoacetyl)pheny] ether, 


We were also able to establish that the coordination polymer enters into exchange reactions not only with the 
low-molecular-weight reaction product, but also with substances which closely resemble the coordination polymer 
in chemical nature, Thus, the interaction of the coordination polymer of 4,4" -bis( acetoacetyl)-phenyl ether and 


beryllium with copper acetylacetonate resulted in the formation of the coordination polymer of 4,4' -bi¥ acetoacetyl)- 
phenyl ether and copper. 


Consequently, coordination polymers, like the polymers obtained by polycondensation, are capable of entering 
into exchange reactions, 


It could be assumed then, on the basis of these data, that for the preparation of high-molecular-weight coordi- 
nation polymers it would be necessary to carry out the polycoordination process under conditions which would provide 


| 


and zinc acetylacetonates and with zinc acetate, 


for as complete as possible removal of the low-molecular-weight product from the sphere of the reaction, 


Since polycoordination can be carried out both in solution and in the melt, we investigated the effect of various 
polycoordination conditions on the yield and specific viscosity of polymer produced by these two variants, 


As subjects of this investigation we selected the interaction of 4,4°-bis( acetoacetyl)phenyl ether with beryllium 


The polycoordination of 4,4" -bis{ acetoacety])- phenyl ether with zinc acetate was carried out in dimethyl- 
formamide solution in a stream of nitrogen at temperatures of 120 and 140°, It was found that in both cases the yield 
of polymer was 84-87% half an hour after the start of the reaction, The specific viscosity of the polymer in solution 
in cresol did not change with an increase in the reaction time of from 0,5 to 11 hours, and it varied within the limits 
of 0,06-0.09, In an attempt to increase the specific viscosity of the polymer, i.e., its molecular weight, we decided to 
carry out the polycoordination at a higher temperature, However, when the polycoordination was carried out in 
Dinile solution at 220° for 5 hours, the resulting polymer was only very slightly soluble in cresol, 


TABLE 1, The Effect of the Concentration of the Reactant Solution on the Yield and 
Specific Viscosity of Polymer in Chloroform Solution 


Polymer in Solution in Chloroform 


*In a stream of nitrogen; 2 hours at 200° and 9 hours at 240°, 
* *In a stream of nitrogen; 1.5 hours from 20 to 240° and 5 hours at 240°, 


Expt. No. Solution conc., With distillation of acetyl-| Without distillation 
mole/liter acetonate of acetylacetonate 

Sp. vis. Yield, % | Sp. vis. | Yield, % 

1 0.05 0.17 65 0.18 59 

2 0.10 0.16 80 0.16 80 

3 0.50 0.18 92 0.30 92 

4 0,74 0.29 97 0.37 88 

5 1,00 0.23 92 0.28 quant. 

6 2.00 0.21 80 0.31 82 


TABLE 2, Effect of Ratio of Starting Materials on the Specific Viscosity of the 


Expt. No. Mole ratio tetraketone: | Sp, vis. | Expt. No. | Mole ratio Sp. vis. 
beryllium acetylaceto- tetraketone: 
nate beryllium 
acetylaceto- 


nate 


0,2 
: 0.4 
: 0.5 
: 0.6 
3.0 


gen. 


0.10 
0,08 
0,08 
0,08 
0.08 
0,37 


oon 


10 
11 
12 


1:1.2 
1:1.4 
1:1.5 
1:1.6 
1: 2.0 


Note: The polycoordination was carried out in 40,5% solution in Dinile under conditions 
providing for distillation of the acetylacetone from the reaction mixture; 1,5 hours with a 
gradual increase in temperature from 20 to 240° and 5 hours at 240° in a stream of nitro- 


In view of the poor solubility of the tetraketone— zinc coordination polymer, further work was carried out on 
beryllium-containing polymers, Table 1 presents data on the effect of solution concentration (solvent, Dinile; 
reaction temperature, 200-240°) on the yield and on the specific viscosity of the coordination polymers in chloroform. 
The data of Table 1 show that the coordination polymers had the highest specific viscosity when the polycoordination 
was carried out in the more concentrated solutions (0.74-2.00 moles/liter). Our data also graphically show that 


0.20 
0.10 
0,06 
0,06 
0.06 
0,04 


= tite 


carrying out the polycoordination under conditions which provide for distillation of the acetylacetone from the 
reaction medium leads to the formation of polymer with a higher specific viscosity, i.e., higher molecular weight. 


We also investigated the effect of the ratio of the starting materials on the specific viscosity of the coordination 
polymer when the polycoordination is carried out in solution, The data obtained in this phase of the investigation are 
shown in Table 2, 


TABLE 3, Polycoordination in the Melt. Effect of Reaction Conditions on the Specific Viscosity of the Polymer in 
Solution in Chloroform 


Expt. No, In a stream of nitrogen Under vacuum Sp. vis. 
Temp., C Time, hrs, Temp., °C Time, hrs, 
1 200 1 0.06 
2 200 5 - - 0.06 
3 200 5 200 2 0.13 
4 200 5 200 4 0,19 
5 200 5 200 8 0,26 
6 200 5 260 5 0.44 
1 200-260 4 0.11 
8 200-260 10 a = 0,22 


These data show that the ratio of starting materials has a considerable effect on the value of the specific 
viscosity of the polymer, i.e., on polymer molecular weight. Thus, the polymer having the highest molecular weight 
was formed with an equimolar ratio of the starting materials, An increase in the amount of one of the components 
of the reaction above an equimolar amount caused an appreciable decrease in the specific viscosity of the coordi- 
nation polymer, Moreover, a certain excess of one of the components had the greatest effect. Thus, an excess of 0.2 
mole of one of the components of the reaction caused a decrease in the specific viscosity of the polymer by almost 

a factor of four, The specific viscosity of the polymer remained almost unchanged with a further increase in the 
excess of one of the components, 


As noted previously, the polycoordination reaction was carried out in the melt, Table 3 presents data on the 
effect of reaction conditions on the specific viscosity of the coordination polymer of 4,4" - bis acetoacety1)-pheny] ether 
and beryllium when the polycoordination was carried out in the melt, It is apparent from these data that when the poly- 
coordination was carried out in a stream of nitrogen at 200°, the polymer formed during the first hour of the reaction 
had a specific viscosity of 0.06 in solution in chloroform , With a further increase in the reaction time up to 5 hours 

at the same temperature, the specific viscosity of the polymer remained unchanged, The picture changed when the 
polycoordination was carried out at a higher temperature, and especially when the reaction mixture was heated under 
vacuum, at a pressure of 1-2 mm Hg, during the second stage of the process, Thus, the specific viscosity increased by 
almost a factor of two when the reaction temperature was increased from 200 to 260°, The specific viscosity also 
increased with an increase in reaction time at 260°, 


The greatest increase in specific viscosity of the polymer was obtained when the second stage of the reaction 
was carried out under vacuum, Thus, by carrying out the reaction initially in a steam of nitrogen at 200° for 5 hours 
and then for 5 hours at 260° under vacuum, we obtained a coordination polymer which had a specific viscosity of 
0.44 in chloroform solution, A coordination polymer was synthesized under similar conditions but in a larger amount 
(the tetraketone charge was 6 g instead of 0.5 g) and with a longer reaction time under vacuum (14 hours at 260°), 
owing to the larger charge; this polymer had a specific viscosity of 0.48 in chloroform solution, Fractionation of this 
polymer by precipitation with n-hexane from chloroform solution yielded three fractions: I, 27.3%; Il, 28.2%; Ill, 
44.5%, The specific viscosities of these fractions in chloroform solution were, respectively, 1.2, 0.5, and 0,32, The 
molecular weight of Fraction I was 126,000, as determined by osmometry. 


These data graphically show that it is possible to synthesize coordination polymers with a high molecular 
weight by a polycoordination reaction, The increase in the molecular weight of the coordination polymer with an 
increase in the reaction temperature and when the reaction was carried out under vacuum can undoubtedly be 
explained by the equilibrium nature of the process, Both an increase in reaction temperature and the use of vacuum 
facilitate the removal from the sphere of the reaction of the low-molecular-weight product, in this case acetyl- 


acetone, which can bring about destruction of the polymer; this causes a shift in the equilibrium toward the formation 
of polymer molecules, 
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It is known [1] that the condensation of 1-vinylcyclohexene with methy] acrylate yields predominantly ortho 
geometric isomers, which is in conformity with the rules governing structural orientation in the diene condensation of 
1,2-disubstituted dienes with unsymmetrical dienophiles [2]. 


We have now shown that the condensation of 1-vinylcyclopentene with methyl acrylate proceeds in a less clear- 
cut manner, and at least three of the four theoretically possible isomers (I-IV) are formed in commensurate amounts, 
The interaction of these components at room temperature (30 days) or by refluxing in benzene solution (24 hours) leads 
to a mixture of the methy! esters which cannot be resolved by fractional distillation or by adsorption chromatography. 
Alkaline saponification of this mixture yields a mixture of liquid acids, from which only cis- A! -hydrindene-5-carbo- 
xylic acid (V) can be separated in the pure form (about 15% yield), Its structure and configuration were demonstrated 
by conversion to the known cis-cis-hydrindane-5-carboxylic acid (VI) [3] and further to the known cis cis-5-amino- 
hydrindane (VII) [4]. Pure meta cis-ester (III) cannot be isomerized by sodium methylate, which confirms the 
equatorial orientation of its carbomethoxy group, The double bond in meta cis-acid (V) is easily shifted into the 
position between the rings just by refluxing an aqueous solution of the acid in the presence of maleic acid. Catalytic 
hydrogenation of the resulting A® -hydrindene-5-carboxylic acid (VIII) yields the cis,cis-acid (VI). 
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An additional approximate 15% of A®-acid (VIII) and the low-melting y-lactone (IX) can be separated from 
the mixture of liquid acids remaining after the separation of meta cis-acid (V) from the mixture resulting from 
shifting of the double bond, The formation of the lactone indicates the presence of the ortho cis-isomer (I) in the 
original mixture of addition products; however, inasmuch as it was impossible to separate this isomer as an individual 
compound, the question of its relative content in the mixture of addition products cannot be answered with sufficient 
accuracy, 


= 


Fig. 1, Chromatogram of the mixture Fig. 2, Chromatogram of the products 
of addition products of 1-vinylcyclo- of the isomerization of the original 
pentene with methyl acrylate, a) mixture of addition products by HC] in 
Original mixture of esters; b) mixture of acetic acid, a) Mixture of esters after 
esters after isomerization by CHsONa; isomerization by HC] and CHgCOOH ; 
c) same after introduction of pure meta b) same after introduction of pure meta 
cis~ester (III), ester (VIII, R = CHg). 


Gas~ liquid chromatography was used to determine the composition of the mixture of addition products of 
1-vinylcyclopentene and methyl acrylate, It was found that this mixture consisted of at least three isomers (ratio of 
areas under the peaks of 25: 7: 10); the meta cis-isomer corresponded to Peak 3 (Fig. 1). The compositions of the 
mixtures of addition products obtained at 20 and 80° were practically identical; the substances investigated did not 
undergo any change when passed through the column, 


When the original mixture of addition products was refluxed with sodium methylate (isomerization of axial 
carbomethoxy groups to equatorial groups) and the resulting mixture of acids treated with diazomethane, a mixture 
of only the structural isomers (IL) and (III) resulted, The chromatogram of this mixture had two peaks with an area 
ratio of 3: 2, Since alkaline isomerization resulted in the disappearance of Peak 2, practically no change in Peak 1, 
and an increase in Peak 3 (meta cis-isomer IIL), it is evident that Peak 2 in the chromatogram of the original mixture 
corresponds to the meta trans-isomer (IV), and Peak 1 represents the ortho adduct (possibly in the form of a mixture of 
the cis- and trans-isomers I and II), The formation of both meta isomers (III and IV) in comparable amounts (10: 7) 
suggests that in the case of meta orientation of the components in diene synthesis the principle of "maximum accumu- 
lation of unsaturation” does not play a specific role. 


A comparison of the sum of the areas of Peaks 2 and 3 with the area of Peak 1 in the chromatogram of the 
original mixture of esters shows that the ratio of ortho and meta addition products formed in the diene synthesis is 
approximately 3: 2, For additional confirmation of this conclusion, the original mixture of addition products was 
converted by acid isomerization to a mixture of the ortho and meta isomers in which the double bond was between the 
rings. Analysis of the resulting mixture revealed the presence of two peaks with a ratio of areas of 3: 2 (Fig. 2); and 
Peak 2 was identified as the ester of the meta acid (VIII, R = CHs). 


Thus, the ratio of the structural isomers (ortho and meta) was 3: 2 in all three cases, Apparently the particular 
configuration of 1-vinylcyclopentene decreases the orienting effect of the electronic factor, as a result of which the 
formation of a significant amount of meta addition products occurs during diene synthesis, 


A comparison of the results of the chromatographic analysis with the amount of meta acids and y -lactone (IX) 
separated shows that the formation of this lactone is possible only from the ortho cis-addition product (1), However, 
it was impossible to estimate accurately the amount of this isomer in the mixture of addition products, since the low 
yield of y -lactone (about 15%) can be explained not only by the predominance of the ortho trans-isomer (II), but also by 
the double bond shift possible under lactonization conditions to form A® -hydrindene-4-carboxylic acid, 


EXPERIMENTAL 


Separation and proof of structure of meta cis-acid (V). A mixture of 24 g of methyl acrylate, 20 g of 1-vinyl- 
cyclopentene [5], 30 ml of dry benzene, and 0,1 g of pyrogallol was refluxed for 24 hours; the solvent was then dis- 
tilled, and the liquid residue was distilled under vacuum, There was obtained 27.3 g of a mixture of addition products 
(71.4% yield) with a b.p. of 135-136°/30 mm, nD 1.4929, The same mixture of addition products was obtained in 
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48% yield when a benzene solution of the reactants was allowed to stand for a month at room temperature, 


A 25-g portion of the above mixture of addition products was boiled with 120 ml of 10% aqueous sodium 
hydroxide until solution was complete, The solution was filtered with activated carbon and made acid with hydro- 
chloric acid, The oil which separated was extracted with ether (three times with 50 ml portions), the ether extract 
was dried with sodium sulfate, and the solvent was distilled. The resulting mixture of liquid acids partially crystallized 


on standing, Two recrystallizations from a mixture of ether and petroleum ether yielded 3,36 g (14.6%) of meta cis- 
acid (V) with an m.p, of 125-126", 


Found %: GC 72,04; 71.81; H 8.41; 8.43, CypHgO2. Calculated %: C 72,26, H 8.49. 


Treatment of the latter with diazomethane gave pure meta cis-ester (III) with a b.p. of 114-116°/13 mm, nD 
1.4913, 


A solution of 1,7 g of meta cis-acid (V) in 20 ml of methanol was hydrogenated over platinum oxide, and 1.6 g 
of cis,cis-hydrindane-5-carboxylic acid (VI) was obtained, After two crystallizations from isopentane, it melted at 50- 
52, and the amide prepared from it had an mp, of 194-195", which is in agreement with the literature value [3]. The 
action of sodium azide and sulfuric acid on a solution of meta cis-acid (VI) in chloroform (40°, 1 hour) gave cis,cis- 
5-aminohydrindane (VII), the benzamide of which had an m,p. of 141-143" in agreement with the literature value [4]. 


Preparation of meta acid (VIII) and y -lactone (IX), A mixture of 10 g of the mixture of liquid acids remain- 
ing after separation of meta cis-isomer (V) and 1.5 g of maleic acid in 250 ml of water was refluxed for 4 hours, The 
reaction mixture was then saturated with sodium bicarbonate and extracted with ether, The ether extract was washed 
with water and dried over sodium sulfate, and the solvent was then distilled. There was obtained 2.35 g of liquid 
product, which was twice chromatographed over neutral aluminum oxide (degree of activity IV, elution with benzene), 


This resulted in the separation of 1,45 g of pure y -lactone (IX) with an m.p, of 21-22,5° and n®D 1.5028; the ir. 
spectrum had an intense band at 1780 cm™ 


Found %: C 72,10; 71,90; H 8.41; 8.49, CypHy@O2. Calculated %: C 72,26; H 8.49. 


The aqueous alkaline solution was made acid with hydrochloric acid and extracted with ether (three times with 
50 ml portions), The extract was dried over sodium sulfate, and the solvent was distilled, This gave 1.25 g of meta 
acid (VIII), which, after crystallization from petroleum ether, melted at 105-106", 


Found %: C 72,14; 72.05; H 8.33; 8.56, CypH,gO2g. Calculated %: C 72,26; H 8.49, 


This same acid was obtained in 78% yield by refluxing an aqueous solution of meta cis-acid (V) in the presence 
of maleic anhydride, Hydrogenation of the acid over Pt catalyst gave the meta cis-acid (VI), described above, and 
treatment with diazomethane gave the corresponding ester (VIII, R = CH3) with a b.p. 115-118°/11 mm and nD 1.4930, 


Study of the mixture of esters by gas-liquid chromatography. Analysis of the mixture was carried out in a very 
simple apparatus [6] using a somewhat modified microflame detector and a column length of 1.5 meters. Hydrogen 
served as the mobile phase (1,28 atm pressure, 75 ml/minute rate), Silicone oil with the addition of 6% lithium 
caproate added was used as the stationary liquid phase; this was deposited on kieselguhr, The optimum column tem- 
perature was 145-155°, The samples (0,02-0,03 ml) were introduced into the vaporizer by means of a microsyringe. 
The method of calculating the areas under the peaks is described in reference [7]. 


a) The original mixture of addition products, obtained by either of the two methods described above, gave three 
peaks with a ratio of areas of 25: 7: 10 (2.54: 0,73: 1 and 2,50: 0.68: 1). The chromatogram of the mixture of 


esters obtained by saponification of the original adduct and subsequent treatment of the mixture of acids with diazo- 
methane was of the same type. 


b) To a solution of 6.3 g of sodium in 200 ml of absolute methanol was added 9.5 g of the original mixture of 
addition products, The mixture was refluxed for 15 hours, and the solvent was distilled. The residue was saponified 
by refluxing with 100 m1 of water, and the aqueous solution was filtered with carbon and made acid with hydrochloric 
acid, The oil which separated was extracted with benzene (three times with 100 ml portions) and then with 100 ml of 
ether, The crystalline product (m.p. 43-76°) which remained after distillation of the solvent was treated with diazo- 
methane, and 6,5 g of a mixture of esters (IL) and (III) was obtained; b,p, 115-118°/14 mm, The chromatogram of 

this mixture had two peaks with a ratio of areas of 3: 2(1.55: 1; 1.62: 1; 1.52: 1), 
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c) A mixture of glacial acetic acid and acetic anhydride saturated with dry hydrogen chloride (15 ml) was 
heated with 10 g of the original mixture of addition products for 1 hour at 65-70°, The solvent was distilled under 
vacuum, and the residue was heated at 85-90° for 6 hours with 6 ml of pyridine. The solution was poured into 200 ml 
of water and extracted with benzene (three times with 50 ml portions); the benzene extract was washed with dilute 
hydrochloric acid and dried over magnesium sulfate, and the solvent was distilled, There was obtained 4.9 g of a 
mixture of ortho and meta A®-esters with a b.p, of 115-118°/12 mm. The chromatogram of this mixture had two 
peaks with a ratio of areas of 3: 2(1.52: 1 and 1.61:1). 
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Chelate compounds are formed in those cases where the molecule of the organic compound reacting with the 
metal ion contains, as a rule, two donor groups and is capable of forming a metalcontaining ring. If there are at least 
two donor groups per molecule of the organic compound, then, in certain cases, the metal ion can form repeating 
metal containing rings, which are called chelate nodes, The resulting high-molecular-weight compounds have been 


named chelate polymers, As a rule, these compounds are solid, infusible and insoluble substances, Thus, the deter- 
mination of their molecular weight is a difficult problem. 


Attempts, though rough, have previously been made to evaluate the molecular weight of polychelates, Marvell 
and Tark6y [1] described several polymers of metals with Schiff bases, 5,5"-methylene-bissalicylaldehyde and o-phenyl- 
enediamine, These authors measured the viscosity of polymeric Shiff bases, and thereby found the coefficient of poly- 
merization, n = 45, assuming that the polychelate has the same value of n, 


V. V. Korshak and co-workers [2-5] evaluated the molecular weight of polymers of metals with different bis- 
6 -diketones on the basis of analytical results, Polymerization coefficients were determined by this method, and 


these varied from 2 to 23 depending on the structure of the polymers. Accordingly, the molecular weight did not 
exceed 8000-10,000, 


It is well known that chelate polymers may contain three types of terminal groups in the macromolecule: 


got (1) 
a 

(2) 

(3) 
n 


where, H is a hydrogen atom, H2Lgn is a ligand molecule containing four (or more) donor atoms, M is a divalent 
metal ion, and A is a univalent anion, 


Depending on the conditions under which the polycondensation reaction is carried out, it is possible to obtain 
polychelates with different terminal groups, With an excess of the metal salt, we can obtain anion groups at the 
ends of the macromolecule, The amount of these groups (in per cent) in the polymer will be [for Case (3)]: 


M M 
A=-“.100; =—*-100. 
M vol pol A 


We determined the molecular weight of a number of polymers, using a radioactive tracer method, 


We selected some chelate polymers previously described by us [6-9] as objects of the investigation; these poly- 
mers had the following structures: 


x N==CH HC==N N=CH 
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where R = 2H—, (CH2))—, and o-CgHg- 
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where R = H— and CHg~-. 


In all cases, synthesis of polymers was carried out with copper bromide labeled with the radioactive isotope 


Br, The radiation from this isotope is easily recorded, and the isotope has a half-life (36 hours) which is convenient 
for this type of work, 


TABLE 1. Molecular Weights and Polymerization Coefficients 
of Chelate Polymers 


|Rela- 

i Mol, |Polym. 

Polymer wt. |coeff. 

(1) R=2H— 0,30+0,03 | 10,0 | 53500} 168 - 
(1) R=—(CH2)2— 0,21+0,03 | 14,3 | 76400] 222 
(1) R=—(CHa2)s— 0,25+0,03 | 11,9 64000! 160 
(I) R=o-CgHy— 0,39+0,03 | 7,7 | 44100] 105 
(11) 0,23+0,03 | 13,0 | 69500] 216 
R=>H— 0,38+0,03 | 7,9 | 42100] 86 
(111). R=CHs— 0,45+0,04 | 8,9 135600] 71 


The molecular weights and polymerization coefficients of the chelate polymers are presented in Table 1; these 
were calculated by means of Eq, (2), where the per cent anion (A) was taken to be the ratio of the activity of the 
Br™ in the precipitate, to the activity introduced, The values of molecular weights found in the present work were in 
the range of 36,000 to 77,000, which exceeds by a factor of three to four the values cited by other authors [1-5]. 


The molecular weights of polymers having the structure (III) were somewhat higher than those of polychelates 


having the structure (I) or (Il), This is apparently associated with the different degrees of stability of the chelate nodes 
in the macrochain, 


The molecular weight varied among polymers having the structure (1) in dependence of R, We assumed that this 
was associated with the difference in the ease of oxidation of the amines participating in the reaction, The easier the 
amine is oxidized, the more rapidly will chain rupture set in and the lower will be the molecular weight, But oxidation 
of amines takes place in solutions of amines on standing, Consequently, the molecular weight of the polychelate should 
decrease with an increase in the length of time between the preparation of the solution of the readily oxidized amine and 
its use in the reaction, Such amines were represented in our polymers by hexamethylenediamine{I) R =—(CH,}—] and 
o-phenylenediamine [(I) R = o-CgHg—]. An investigation confirmed our assumption (see Table 2), 


Maximum values of the molecular weight were obtained when the reaction was carried out with freshly prepared 
amine solutions, The molecular weight of the polymers dropped by a factor of approximately two when the time of 
standing of the amine was increased to 3-5 hours. When the amine solutions were allowed to stand for a period of two 
days or longer, low-molecular-weight compounds were obtained. 


It is interesting to note that when the o-phenylenediamine solution was allowed to stand for a period of 3-5 hours 
before the reaction was carried out, the molecular weight of the resulting polymer [(1) R = 0-CgH4—] was in good 
agreement with the values cited by the American authors [1]. 


TABLE 2, Dependence of the Molecular Weight and Polymerization Coefficient of 
Some Chelate Polymers on the Time of Standing of the Initial Amine Solutions 


Standing sr, | Mol. |Polym. 

Amine Polymer tine of soln % wt. coeff. 
Hexamethylenediamine (CHy)g min | 0,25--0,03 | 19 ono 160 
OA4+0,04 9,0 6400] OF 
2 days 6,538+0,15 | 2,3] 2440] 6,1 

o- Phenylenediamine (1) R= 5-15 min 0,39-40,08 7,7 44 100] 105 
3— 5 br. | 0,754-0,02 | 2,7 [21200] 54 

2 days 10,440,145 | 4,4 1 153801 3,9 


In the case of other structures [(I) R = 2H—; (I) R = -(CH2)—], the molecular weights of the polymers did not 
change when the amine solutions were allowed to stand for two days. 


Preparation of polymers with structure (I) can be carried out both starting with the monomeric amines and start- 
ing with polymeric Schiff bases [6]. Our investigations showed that the method of synthesis of such polymers has prac- 
tically no effect on the value of the number average molecular weight. The divergence in the values found always 
lay within the limits of the relative experimental error, 


It was also necessary to determine whether or not under these conditions bromine anions combined with the sur- 
face of the polymers, Such a side process would lead to a decrease in the true values of the molecular weights of the 
polychelates, With this aim, we completely repeated the molecular weight determination using a monomeric com- 
pound of similar structure ~ copper salicylalethylenediamine: 


HC H, 


in which theoretically there should be no bromine anions, We found that the copper complex contained no radio- 
active bromine, i.e., bonding was absent, 


Our method for the determination of the molecular weight of insoluble and infusible chelate polymers gives 
stable, reproducible results, 


EXPERIMENTAL 


Synthesis of chelate polymers and activity measurements, Synthesis of the polymers was carried out by methods 
described by us previously [6-9], The metal salt solutions used were aqueous solutions of copper bromide labeled with 
radioactive Br, Counting of the Br activity was carried out with a scintillation counter with an Nal T1 single 
crystal having dimensions of 40°60 mm , at the mounting of which was placed an aluminum beaker containing the 
filter with the dried precipitate, The measured activities were corrected for disintegration of the Br isotope, 


Determination of the initial activity of the copper bromide, An excess of a silver nitrate solution was added 
to a measured volume of an aqueous solution of copper bromide containing the radioactive isotope Bre, The resulting 
silver bromide precipitate was separated by filtration, and its activity was measured by the method described above. 
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In view of the fact that pure rare earths have recently become available, the question of investigating their 
catalytic properties has arisen, The theoretical aspects of this question are interesting, in particular because the 
lenthanides form a large series consisting of 14 elements which differ in that there is a gradual increase in the number 
of electrons in the 4f orbits. It is well known that there are two extreme types of changes in the properties of the rare 
earth elements which occur with a change in atomic number: continuous (monotonic) and periodic, A continuous 
change takes place under the influence of an increase in the nuclear charge (ionic radius, heat of hydration, etc,), while 
periodic changes are a consequence of the special stability of configurations in which there are 0, 7, or 14f electrons 
(anomalous valence, atomic radii of the metals, magnetic moment, color, etc), The question is of interest in a 


practical regard, because the best use of the rare earths in the chemical industry from the view-point of economics is 
as catalysts, 


Insofar as predicting catalytic activity [1] is concerned, the energy of the bonds formed between the catalysts and 
the reacting organic molecules is an important property of solid bodies, Therefore, as a development of our investi- 
gations of the dependence of catalytic properties of the elements on the position of the elements in Mendeleev's periodic 


system [1, 3-5], we have carried out a systematic determination of bond energies of the rare earths by the kinetic 
method [2]. 


The following people have worked on this problem under our direction: Yi Ch'i-yiian (La, Pr, Nd, Sm, Er), 
Peng Pi-hsiang (Gd, Dy, Tu, Tb), L. S. Revenko (La, Pr, Sm, Ho, Er), K, A. Dulitskaya (Nd), and K, D, Tarlykova (Gd). 


Experimental method and results, The method used was that developed in our laboratory for investigating the 
kinetics of heterogeneous catalytic reactions in a flow system [3, 6]. All catalysts were prepared by the same method 
starting from commercially available rare earths containing more than 99% oxide, Ho,O3 (98.2% purity) and Dy,O, 
(97,7 purity) were exceptions, and the impurities in these oxides were chiefly other rare earths, The oxides were 
dissolved in c.,p, HNO (density 1,16-1,.20 at 20°), and the solutions were diluted with distilled water until the concen- 
tration of the rare earth metal nitrate was 30%, The hydroxide was precipitated with 20% ammonia at 60°, The 
hydroxide was washed by decantation, dried at 120°, and then gradually heated to 550° in a stream of air; the heating 


was continued for 10-12 hours until removal of nitrogen oxides and water vapor was complete, The amount of oxide 
used was 7-12 g. 


The kinetics of the dehydrogenation of various hydrocarbons as well as the dehydrogenation and dehydration of 
alcohols were studied over these catalysts. The detailed data will be presented in separate articles, some of which have 
been published [6-7], We present below the results obtained with the most systematically investigated cases — the 
dehydrogenation of tetralin to naphthalene and the dehydrogenation and dehydration of isopropyl alcohol to acetone 
and propylene, respectively, The kinetics of these reactions were studied under conditions which ensured that the 
reaction took place in the kinetic region with zero order kinetics. The temperature interval was 350-450° for isopropyl 
alcohol and 480-525° for tetralin, The gaseous and liquid products were analyzed by chromatography and by chemical 
methods, Side reactions were insignificant. The experimental data were treated by means of the Arrhenius equation. 
Results obtained with the rare earths investigated in this work are presented in Table 1, The activation energies for 
tetralin dehydrogenation are denoted by €,, those for the dehydrogenation of isopropyl alcohol by €g. The energies 
of the bonds of H, C, and O with the catalyst, K, were calculated by equations developed from Multiplet theory [2]: 


Qu (— €1—2e2+ 2es) +-62,0, 


1 
Va(—e1-+- 2e2—2e:3) 36,7, Q) 
(3e1—2e2—2es) 4-48,8. 


TABLE 1, Activation Energies € (kcal/mole) and Bond Energies 
Q(kcal Anole) for Rare Earth Catalysts 


iso -C3H,OH 


Atomic Tetra- 


alyst 
number 


QoK 


La 
59 
60 N dal 
62 
64 G dol 
66 Dy203 
67 Ho 03 
68 E 
69 TugO3 
70 YB203 


64,9 
72,0 
64,7 
60,6 
65,2 
60,1 
62,2 
59,4 
57,4 
53,0 


= 
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Fig. 1. and Qox (in kcal) and (in Bohr 
magnetons) as functions of a La Ce Pr Nd sm Eu Gd Tb Dy Ho Er Tu Yb Lu 


Fig. 2. Qo (in keal), € (in kcal/mole), and p 


i =H, 
Bond energies for C~H and C-C bonds were (in Bohr magnetons) as functions o fn, 


taken from the data of V. N. Kondrat'ev [8, 9]: 98.1, 
85,5, and 110.8 kcal, respectively. 


Discussion, We found that the energies of the bonds with the reacting atoms, H HK, Qox abd Qo, differed 
appreciably among the rare earth catalysts, 


It turned out that the bond energies Quy, Qcx and Qox are periodic properties (see above). It was found that 
the variation in Q paralleled the variation in magnetic moment, 1. It is well known that the periodic properties of 
the rare earth elements are especially apparent in the case of the magnetic moment, This parallelism is shown for 
QHK in Fig. 1, in which the atomic numbers of the rare earth elements are plotted along the abscissa and the values 
of QuK from Table 1 and values ofp from reference [10] are plotted along the ordinate, It is possible that the 
scatter of the points is due to the fact that, as shown in previous investigations with other oxides [4], QoK is always 
enormously more sensitive to different constant effects than are Qui, and Qck: Py203 does not follow the above 
rule, apparently as a consequence of the presence of impurities (see above), The bond energy Qc, varies inversely as 
H (Fig. 2). 
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38,6 | 15,5] 26,5 16,5 
38,8 | 18,3 | 27,0 : 18,0 
34,7 | 20,61 25,1 | 
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We return now to the variation in €, the activation 
50) « 4122 energy. The activation energy for the dehydrogenation of 
4 isopropyl alcohol, € 2, varies periodically and inversely as 


46 18 H, in the manner of OcK (Fig. 2). However, the variation 
a in the activation energy for tetralin dehydrogenation, €,, with 
i2 1% a change in atomic number, n, is different, approaching the 
+ ¥ ! continuous type and changing in parallel with, for example, 
38 110 the ionic radius, r (see Fig, 3; values of r were taken from 
Ny references [10, 11]). The activation energy for alcohol 
34 106 dehydration, €3, is the most constant; it gradually decreases 
with an increase in atomic number (from 28,1 kcal for LagO, 
Jo 102 to 25,1 kcal for Yb,O, with deviations for DygO,; and TwO3;; 
These regularities show that bond energies (which 
Fig. 3. €, (in kcal/mole) and t (in A) as functions depend on electronic structure) are more fundamental proper- 
of n. ties of catalysts than are activation energies. Indeed, all 


three values, Q and change in a periodic and 
regular manner, clearly either in paralle) with or inversely 
to changes in », while €, changes periodically and 
inversely with, and €, and €3 change continuously with 
certain exceptions, If € were a more fundamental property, 
it would not be understandable why, for example, in the 
dehydrogenation of the alcohol €» changed periodically 

with a change in n, while in the analogous reaction, the 
dehydrogenation of tetralin, €; gradually decreased, 


It is interesting to treat the present results from the 
point of view of structure, The majority of the rare earths 


iN 105 — il iis crystallize in a complex cubic lattice, D 53, the unit cell 
of which contains 16 molecules, The lattice parameter a 
Fig. 4, €, (in kcal Anole) as a function of (the side of the unit cube) is proportional to d, the smallest 
a(in A), Me~Me interatomic distance, We find that there is an 


approximate linear relationship between the activation energy 
for tetralin dehydrogeaation (€4) over rare earths with a D 5g structure and the lattice parameter a (see Fig. 4). Figure 
4 is similar to Fig, 1 of reference [13], which illustrates the linear relationship between d and the activation energy 
for the dehydrogenation of isopropyl alcohol over Co, Ni, Cu, Pd, Ag, and Pt. It should be noted that in Fig, 1 of 
reference [13] the interval of the change in d is greater (16%) than that for the rare earths in Fig. 4(9%), Both cases 
are clearly explained by the principle of retention of the valence angle, 


The regularities described in the present article are important not only with respect to the chemistry of the 
rare earth elements, since the catalytic properties of these elements have not been extensively studied, but also with 
respect to the theory of catalysis, In the first place, they are important in multiplet theory, since the regularities in 
© discussed above confirm the correctness of the energy equations of the theory (cf, Eq. 1) and the principle of 
retention of the valence angle, which is based on this theory, In the second place, they are important in the 
electronic theory of catalysis, which has formed the basis of published considerations of existing disconnected experi- 
mental data on the connection between catalysis (in particular, the high-temperature mechanism of ortho— para H 


conversion, not the low-temperature mechanism) and the magnetic properties of other elements which are not rare 
earths [14-17], 


The results of the present work show that the electronic structure (the extent to which the 4f orbits are filled, 
in the present case) has an effect on the outer valence electrons (in the present case, the 5d and 6? electrons), 

changing the chemical properties of the elements — bond energies with the atoms of the reacting molecules — which 
depend on the valence electrons, Thus, a change in electronic structure, which is considered in electronic theory, has 


an effect on catalysis through a change in the energy of the bonds with the catalyst, which is considered in multiplet 
theory. 
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THE SYNTHESIS OF MIXED CHELATE-CYCLOPENTADIENYL 
COMPOUNDS OF ZIRCONIUM 


Corresponding Member Acad, Sci, USSR R. Kh, Freidlina, 
&., M. Brainina and Academician A, N. Nesmeyanov 


Institute of Heteroorganic Compounds 


Translated from Doklady Akademii Nauk SSSR, Vol, 138, No. 6, pp. 1369-1372, May-June, 1961 
Original article submitted February 4, 1961 


The presently known cyclopentadienyl compounds of zirconium are dicyclopentadienylzirconium dibromide 
(and also the dichloride) [1, 2] and bis(methylcyclopentadieny])zirconium dichloride [3], These compounds are pre- 
pared from the zirconium halides and the corresponding sodium cyclopentadienides, The infrared spectra of these 
compounds are analogous to those of the corresponding neutral biscyclopentadienyl compounds and also to those of 


the corresponding ferrocinium salts, (CgsHs)Fe*. These spectra were cited by the authors as proof of the sandwich 
structure of the compounds, 


Cyclopentadienyl compounds of zirconium containing only one cyclopentadienyl group have not been described, 
Only one compound simultaneously containing a chelate group and a cyclopentadienyl group is known; it has the 
composition [4] (C35H7O,)CgHsCrBr. The following structure has been proposed for this compound: 


This compound was obtained in 3% yield from cyclopentadienyl magnesium bromide and chromium triacetylaceto- 
nate, 


As a development of our investigations of exchange reactions of chelate compounds of the transition metals 
[5-7], we have studied the interaction of sodium cyclopentadienide with zirconium diacetylacetonate dichloride, 
This reaction gave a mixed compound having the composition CsHs(Cs5H7O,)ZrC1. This same compound is formed 
in almost quantitative yield by the interaction of dicyclopentadienylzirconium dichloride with an excess of acetyl- 
acetone, The corresponding compounds containing benzoylacetonate groups were prepared by this same route. This 


reaction is apparently a general method for the synthesis of analogous mixed zirconium compounds containing other 
chelate groups, 


The compounds synthesized in the present work are colorless crystalline substances which are soluble in chloro- 
form at room temperature, in benzene and tetrahydrofuran with heating, and insoluble in petroleum ether, Their 
properties resemble those of the dihalides of dicyclopentadienylzirconium compounds, 


It may be assumed that these chelated cyclopentadienyl compounds have structures of the type of zirconium 


octahedral compounds, and the formation of cis and trans isomeric compounds of the following structures would there- 
fore be expected: 


CH H 
Br \ 
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The i.r. absorption spectra * of zirconium triacetylacetonate monochloride, dicyclopentadienylzirconium 
dichloride, and the mixed compound cyclopentadienylzirconium diacetylacetonate monochloride were studied, The 
zirconium triacetylacet onate monochloride (NaCl prism) was characterized by frequencies at 819, 938, 1015-1029, 
1192, 1281-1300, 1356-1378, 1419, 1454, 1533, and 1546 cm, The dicyclopentadienylzirconium dichloride was 
characterized by the following frequencies in this same spectral region: 814-820, 842-854, 1016, and 1438 cn1 #. 
The mixed compound was characterized in this region by the frequencies: 806, 934, 1020-1028, 1280, 1368-1378, 


1458, 1530-1540, and 1572-1584 cm, These spectra do not contradict the above conclusion as to the structure of 
the mixed compound, 


We have developed a simple method for the synthesis of the difficultly available dichlorides of chelated zir- 
conium compounds, which are starting materials for the preparation of the mixed compounds mentioned above, The 


method consists of the interaction of zirconium tetrachloride with totally chelated zirconium compounds. The re- 
action may be described by the following equation: 


EXPERIMENTAL 


Dicyclopentadienylzirconium dichloride, The synthesis was carried out by the method previously described 
for the preparation of dicyclopentadienylzirconium dibromide [1, 2] with certain changes which permitted simplifi- 
cation of product separation and increased the yield. The reaction was carried out with 35 g (0.15 mole) of zirconium 
tetrachloride and sodium cyclopentadienide (obtained from 7.0 g of sodium and 20.1 g (0.30 mole) of cyclopentadiene) 
in a medium of tetrahydrofuran (THF), The reaction was carried out by stirring the mixture for 1,5 hours at room tem- 
perature, After distillation of the solvent, the residue was extracted with chloroform in a stream of hydrogen chloride, 
The extract, which contained the dicyclopentadienylzirconium dichloride along with a larger amount of a black, oily 
impurity, was heated with activated carbon and filtered; a large part of the solvent was distilled from the filtrate, and 
the resulting white precipitate was washed with petroleum ether and ether, The weight of dry product was 4.1 g. A 


second extraction yielded an additional 25 g of the substance, The total weight was 29.1 g (66% of theoretical), The 
product melted at 243-244’, with decomposition, 


Found %; C 41,53; 41.40; H 3.54; 3.34; Zr 31.08; 31.45; Cl 24.47; 24.57. (CsHs),Z1Cy. Calculated %: 
C 41,07; H 3.69; Zr 31.22; Cl 24.03, 


*The authors thanks are due L. A, Kazitsina, who obtained the spectra in the spectroscopy laboratory of Moscow 
University. 
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The recrystallized product (from benzene) melted at 244,5-245°, The literature [8] reports an m.p, of 232°. Found, 


‘Jo: GC 41.32; H 3.64; Zr 31.44; Cl 23.95, Mol, wt.: found, 282.9 (cryoscopic, in benzene); calculated for (CgHg )» 
292.2. 


Cyclopentadienylzirconium diacetylacetonate monochloride 


A. From dicyclopentadienylzirconium dichloride, A solution of dicyclopentadienylzirconium dichloride (4.9 g) 
in 50 ml of acetylacetone was heated under reduced pressure for 2 hours at 70-80°. The volatile products distilled 
during the course of the reaction, The solution was evaporated under vacuum to half the initial volume. The result- 
ing precipitate was separated by filtration, washed with petroleum ether, and dried with a stream of dry air. There was 


obtained 6,2 g of a colorless crystalline powder (95% of theoretical), Both before and after recrystallization from 
benzene, the product melted at 188-190°, with decomposition. 


Found %: C 46,22; 46.28; H 5,09; 4,80; Zr 23,72; 23.68; C1 9.15; 9.39. Calculated %: 
C 46,18; H 4.91; Zr 23.40; C1 9.09, 


Mol. wt.: found, 387 (in benzene); calculated for (CgHs) (CsH7O,)Z1C1, 389.9, The molecular weight was deter- 
mined by a cryoscopic method developed for use with associated alkoxy compounds of metals [9]. 


B. From zirconium diacetylacetonate dichloride, Synthesis of the zirconium diacetylacetonate dichloride was 
accomplished as described below, and the product was used without separation from the reaction mixture, To the 
solution, which contained 7,2 g (0,02 mole) of the dichloride in 80 ml of tetrahydrofuran, was added an equimolar 
amount of sodium cyclopentadienide in 10 ml of tetrahydrofuran, The reaction was carried out in an atmosphere of 
nitrogen by stirring the reaction mixture for 2 hours at room temperature, The precipitated NaCl was removed by 
filtration, The solvent was distilled from the filtrate, and the residue was recrystallized from benzene. There was 
obtained 2,2 g (28% of theoretical) of cyclopentadienylzirconium diacetylacetonate monochloride with an m.p. of 
188-190°, with decomposition, A mixture of this material with a sample of that prepared in the preceding experi- 
ment (A) melted without decomposition of the melting point. Found, %o: C 46.28; H 5.14; Zr 23.22. The substance 
is stable in dry air, but it decomposes slowly when heated with an excess of water, 


Cyclopentadienylzirconium dibenzoylacetonate monochloride, A benzene solution of 1,0 g (0.003 mole) of 
dicyclopentadienylzirconium dichloride and 1,1 g (0.006 mole) of benzoylacetone was heated at 95-100° under 
reduced pressure for 15 hours until the traces of chlorine ion disappeared from the distillate; benzene was repeatedly 
added during the heating. The solvent was distilled, and the dry residue was recrystallized from a mixture of 
benzene and petroleum ether (3: 2), The recrystallized product weighed 1.2 g (69% of theoretical), After a second 


recrystallization from benzene, the product melted at 184-185,5°, with decomposition, The product was carefully 
dried at 1 mm and 80°, 


Found C 58,47; 58,58; H 4.74; 4,42; Zr 17.92; 17.67; C1 6.58; 659. Calculated 
: C 58.38; H 4.51; Zr 17.75; C1 6.90, 


Zirconium diacetylacetonate dichloride. Solutions of zirconium tetraacetylacetonate (4.87 g; 0.01 mole) in 
80 ml of tetrahydrofuran and zirconium tetrachloride (2,33 g; 0.01 mole) in 14 ml of tetrahydrofuran were poured 
together, The reaction mixture was stirred for 2 hours at 40°; the solvent was then distilled, and the residue was 
recrystallized from a mixture of tetrahydrofuran and ether, An oil separated at the same time, and this was crystal- 
lized by cooling to—40°, The weight of crystals was 3 g (38% of theoretical); m.p. 68-70°, with decomposition, 
The crystals rapidly liquified during drying. The product to be analyzed was dried at 40 and 1 mm for 1.5 hours, 


Found %; C 36.67; 36.49; H 5.17; 5.13; Zr 22,30; 22.57; C1 17.11; 17.27. [(Cg5HyO2,)Z1Cl,}C,H,O. Cal- 
culated %: C 36,35; H 4,58; Zr 23,02; Cl 17.90. 


The substance was very hygroscopic and hydrolyzed readily, 


Zirconium dibenzoylacetonate dichloride, The experiment was carried out similarly to the preceding, From 
1.84 g (0.0025 mole) of zirconium tetrabenzoylacetonate was obtained 1.80 g (68% of theoretical) of zirconium 
dibenzoylacetonate dichloride, The substance was in the form of colorless crystals which melted at 116-119" in a 
sealed capillary; the resulting melt then solidified, and on further heating it again melted at 228-230°, with decom- 
position, After recrystallization from tetrahydrofuran, the resulting compound behaved similarly to the unrecrystal- 


lized product when heated in a sealed capillary; m.p. 231-234, with decomposition, The literature [10] reports an 
m.p. of 232-234, 


| 


Found %: C 51.87; 51.21; H 4.91; 4.77; Zr 16,02; 16.78; C1 12,43; 12.71, (CypHO2)pZ1rClpCgHgO. Calcu- 
lated %: GC 51,82; H 4.70; Zr 16.40; Cl 12.75. 


The substance could be almost completely freed from tetrahydrofuran by heating at 80-115° and 1 mm for 2 hours. 


Found %: C 50.36; H 4,01; Zr 18.78, (CypHgO,ZtCh. Calculated %: C 49.57; H 3.74; Zr 18.84, 
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Central Scientific Research Elec, Engr. Lab. 


Central Scientific Research Elec, Engr. Lab, - Ministry of Electric Power Plants 


Central Office of Economic Information 

Ural Branch 

All-Union Inst. of Rural Elec, Power Stations 

All-Union Scientific Research Inst. of Metrology 
All-Union Scientific Research Inst. of Railroad Engineering 
All-Union Thermotech. Inst. 

All-Union Power Correspondence Inst. 


NOTE: Abbreviations not on this list and not explained in the translation have been transliterated, no further 
information about their significance being available to us. —Publisher. 
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This volume contains a practical and comprehensive survey of the 
techniques employed and the instruments required for this important 
rapid analysis method, as well as a brief account of the theoretical prin- 
ciples involved. Experimental procedures and the design of apparatus 
are discussed at length, making the relevant chapters a valuable manual 
for all chemists concerned with analytical problems. 


The second half of the book deals with the determination of individual 
elements in a variety of materials, providing much factual information, 
together with a complete and international bibliography. There are 
many useful tables, and two appendices which consider wavelengths of 
brightest spectral lines and peaks of molecular bands of elements 
excited in flame, and recommended wavelengths of spectral lines and 
peaks of molecular bands for determination of elements with the aid of 
a spectrophotometer employing glass optics and using an air-acetylene 
flame. 


Scientists working in the varied fields in which flame photometry is 
today applicable — in geochemistry and mineralogy for the analysis of 
waters and minerals, in agrochemistry for the determination of meta- 
bolic bases in soils and the analysis of fertilizers and plant materials, in 
biochemistry and medicine for the investigation of urine, blood serum, 
and tissues, in industry for production control by analysis of metal 
alloys, glasses, cements, refractories, reagents, etc. — will find 


TECH NIQUES IN FLAME PHOTOMETRIC ANALYSIS 
an invaluable handbook. 


230 pages 


$9.50 
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by I. Yu. Sokolov 


Translated from Russian 
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Upon completion of analytical experiments, every research chemist, 
whether he uses a “test tube” or a “IIPOOUPKAa,” must calculate his 
findings in the international language of figures in two forms (weights 
and equivalents), and often three (weights, equivalents and percent- 
equivalents), and then compare experimental data with theoretical 
values. 

Technicians and statisticians working with the results of hydro- 
chemical analyses performed at different times by different laboratories 
inevitably face the problem of converting their figures to one system. 

All such calculations are considerably simplified by the use of the 
tables and nomograms in this book, originally published by the State 
Scientific and Technical Press for Literature on Geology and the 
Conservation of Mineral Resources, Moscow. 

All the tables and nomograms are based on analytical results 
expressed in the form widely used in hydrogeological practice—milli- 
grams per liter (weight form) and milligram-equivalents per liter 
(equivalent form). For calculation of percent-equivalents, the sum of 
cation equivalents and the sum of anion equivalents are taken as 100% 
each. Several new tables are presented for the first time, and the many 
tables for converting water-analysis results from one form to another 
make it possible to find the milligram-equivalents for any practically 
possible content of a component in water, accurate to the second 
decimal place, and the weight content of substances to tenths of a 
milligram. 


CONTENTS 
Introduction 
Tables for converting water-analysis results from one form to another 
|. Table for converting hardness, expressed in German de- 
grees, into milligram-equivalents 
ll. Table for converting milligram-equivalents of Ca**, Mg** and 
HCO;; into German degrees of hardness 
lll. Tables for converting milligrams into milligram-equivalents 
\V. Tables for converting milligram-equivalents into milligrams 
V. Tables for converting oxides to ions 
Vl. Tables for converting nitrogen into nitrogen-containing ions 
Vil. Lino for converting milligrams of NHs into milligrams of 
NH, 
Vill. Table for converting oxidizability with milligrams of KMnO, 
into milligrams of O 


Factors for converting the results of water analysis from one form 
into another 


Average value of activity coefficient f,, 

Nomogram for calculating percent-equivalents 

Nomogram for calculating pH from given values of free COs and 
HCO;7 

Calculation of aggressive carbon dioxide 

Relation between different forms of weak acids in natural waters at 
different pH values and ionic strengths » 

Factors for converting different forms of expressing aqueous solu- 


tion concentrations into milligrams and milligram-equivalents 
International atomic weights (Appendix) 
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